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ABSTRACT
S t e r n  -  V o lm e r  p l o t s  - fo r  t h e  q u e n c h in g  o-f 
lu m in e s c e n c e  and f o r  t h e  p h o t o s u b s t i t u t i o n  r e a c t i o n  o f  
t r i s  -  b i p y r i d y l r u t h e n i u m ( I I )  a t  2 9 8  K w e re  o b t a i n e d .  
T h e  tw o  S t e r n  -  V o lm e r  p l o t s  w e re  fo u n d  t o  b e  s i m i l a r ;  
t h i s  r e s u l t  i s  d i f f e r e n t  f r o m  t h a t  o f  a  p r e v i o u s  
r e p o r t ,  b u t  i t  a g r e e s  w e l l  w i t h  a  g e n e r a l  model 
p o s t u l a t e d  t o  r e p r e s e n t  t h e  p h o t o p h y s i c a l  p r o c e s s e s  o f  
t h e  e x c i t e d  s t a t e s  o f  p o l y p y r i d i n e  r u t h e n i u m ( I I )  
c o m p le x e s .  The t e m p e r a t u r e  d e p e n d e n c e  o f  t h e  e m is s io n  
i n t e n s i t i e s  and o f  t h e  l i f e t i m e s  o f  t r i s  -  
b i p y r i d y l r u t h e n i u m ( I I ) , c i s  -  b i s p y r i d y l  b i s  -  
2 , 2 ' b i p y r i d y l r u t h e n i u m ( I I ) ,  and 4 ,  5  -  d i a z a f l u o r e n y l  -  
b i s  -  2 , 2 ' b i p y r i d y l r u t h e n i u m ( I I )  w e r e  r e i n v e s t i g a t e d  i n  
o r d e r  t o  e v a l u a t e  t h e  d i f f e r e n c e  i n  e n e r g y  b e tw e e n  t h e  
t r i p l e t  m e ta l  t o  l i g a n d  c h a r g e  t r a n s f e r  and l i g a n d  
f i e l d  e x c i t e d  s t a t e s .  T h e  a c t i v a t i o n  e n e r g i e s  o f  t h e s e  
c o m p le x e s  w e re  fo u n d  t o  be  w e l l  c o r r e l a t e d  w i t h  t h e  
r e s p e c t i v e  l i g a n d  f i e l d  s t r e n g t h s .
The 7 7  K e m is s io n  p r o p e r t i e s  and t h e  
t e m p e r a t u r e  d e p e n d e n c e  o f  t h e  e m is s io n  i n t e n s i t i e s  o f  
tw o  s e r i e s  o f  p o l y p y r i d i n e  r u t h e n i u m ( I I ) c o m p le x e s  
CRu C b i p y ) w e r e  e x a m in e d .  T h e i r
p h o t o c h e m i s t r i e s  a t 2 9 8  K w e re  a l s o i n v e s t i g a t e d .  The  
m ain  g o a l  was t o  d e t e r m in e  t h e  e f f e c t  o f  c h e l a t e  r i n g  
s i z e  on t h e i r  p h o t o s u b s t i t u t i o n  r e a c t i o n s  i n  d i f f e r e n t
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s o l v e n t s .  The f i r s t  s e r i e s  i n c l u d e d  m e t h y le n e  
-  l i n k e d  p y r i d i n e  l i g a n d s ,  and t h e  sec o n d  i n v o l v e d  
m e t h y le n e  -  l i n k e d  d ia m in e  l i g a n d s .
I n  t h e  c a s e  o f  t h e  p y r i d i n e  s e r i e s  t h e r e  Mas 
an i n c r e a s e  i n  quantum  y i e l d  o f  t h e  p h o t o s u b s t i t u t i o n  
r e a c t i o n s  a s  t h e  c h e l a t e  r i n g  s i z e  i n c r e a s e d .  In  
c o n t r a s t ,  s i g n i f i c a n t l y  lo w e r  quantum  y i e l d s  w e re  
o b s e r v e d  f o r  c o m p le x e s  o f  t h e  d ia m in e  s e r i e s  i n  w h ic h  
t h e  tw o  c h e l a t i n g  N a to m s  o f  t h e  b i d e n t a t e  l i g a n d s  do  
n o t  b e lo n g  t o  an a r o m a t ic  r i n g .
I t  was a l s o  e s t a b l i s h e d  t h a t  t h e  A g ^ c a t io n  
h a s  a  c a t a l y t i c  e f f e c t  on t h e  p h o t o s u b s t i t u t i o n  
r e a c t i o n  o f  t h e  com plex  e t h y l e n e d i a m i n e  b i s  -  
2 , 2 ' b i p y r i d y l r u t h e n i u m ( I I > d i s s o l v e d  i n  CH^CN.
R e s u l t s  o f  t h e  p h o t o l y s e s  o f  t h i s  co m p lex  and o f  1 , 3  -  
p r o p y l  e n e d i  am in e  b i s  -  2 , 2 ’ b i p y r i d y l r u t h e n i u m d l )  
s u g g e s te d  t h a t  u n d e r  c e r t a i n  c o n d i t i o n s  o x i d a t i o n  o f  
t h e  m e t h y le n e  -  l i n k e d  l i g a n d  o c c u r s .  T h e  t e m p e r a t u r e  
d e p e n d e n c e  o f  t h e  quantum  y i e l d s  o f  t h e
p h o t o s u b s t i t u t i o n  r e a c t i o n s  o f  t h e s e  c o m p le x e s  i n  0 . 0 1  M 
t e t r a e t h y l a m m o n i u m c h l o r i d e  s o l u t i o n s  i n  CH= C1= 
showed s m a l l  a p p a r e n t  a c t i v a t i o n  e n e r g i e s .
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CHAPTER I .  INTRODUCTION.
In  r e c e n t  y e a r s ,  t h e  p h o t o p h y s i c a l  and  
p h o to c h e m ic a l  b e h a v i o r  o f  p o l y p y r i d i n e  r u t h e n iu m  
c o m p le x e s  h a s  been  e x t e n s i v e l y  e x a m in e d .  S in c e  t h e  
l i t e r a t u r e  i n  t h i s  f i e l d  i s  r i c h  w i t h  many more  
c o n t r i b u t i o n s  t h a n  t h o s e  t h a t  can  be 1 i s t e d  h e r e ,  o n l y  
a r e p r e s e n t a t i v e  s e t  o f  some o f  t h e  m ost c o m p re h e n s iv e  
r e v i e w s  i s  o f f e r e d  t o  t h e  r e a d e r 1 .
The  p h o t o p h y s ic s  and t h e  p h o t o c h e m is t r y  o f  
C R u ( b i p y ) , a n d  r e l a t e d  c o m p le x e s  a r e  s u f f i c i e n t l y  
i m p o r t a n t  t o  h a v e  a r o u s e d  t h e  a t t e n t i o n  o f  many r e s e a r c h  
g ro u p s  i n  many p a r t s  o f  t h e  w o r ld ;  l i t e r a l l y  h u n d re d s  o f  
a r t i c l e s  h a v e  been  p u b l i s h e d .  N e v e r t h e l e s ,  much o f  t h e  
s u b j e c t  m a t t e r  i s  n o t  w e l l  d e f i n e d  and i s  s t i l l  
c o n t r o v e r s i a l .  D e s p i t e  a l l  t h e  w ork  t h a t  h a s  been  done  
num erous q u e s t i o n s  a r e  s t i l l  u n a n s w e re d .  F o r  e x a m p le ,  
t h e r e  s t i l l  d o e s  n o t  e x i s t  an u n a m b ig u o u s  a s s ig n m e n t  o f  
e i t h e r  t h e  e l e c t r o n i c  a b s o r p t i o n  s p e c t r u m  o r  t h e  
lu m in e s c e n c e  s p e c t r u m  o f  C R u ( b ip y ) 3 ] +2  ; t h e
a s s ig n m e n t  o f  t h e  t r a n s i t i o n s  o f  s i m i l a r  b u t  more  
c o m p l i c a t e d  m o le c u le s  a r e  even  l e s s  w e l l  u n d e r s to o d  .
I n t e r e s t  i n  t h e s e  c o m p le x e s  a r i s e s  f ro m
1
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c o n s i d e r a t i o n  o f  s e v e r a l  p r o p e r t i e s .  F i r s t ,  e v e n  i n
f l u i d  s o l u t i o n  a t  a m b ie n t  t e m p e r a t u r e  t h e s e  c o m p le x e s
o f t e n  e x h i b i t  i n t e n s e  e m is s io n  f r o m  lo n g  -  l i v e d
e x c i t e d  s t a t e s ;  t h i s  e m is s io n  g r e a t l y  f a c i 1 i t a t e s  t h e i r
i n v e s t i g a t i o n  and p e r m i t s  t h e  e v a l u a t i o n  o f  r a t e
c o n s t a n t s  f o r  f u n d a m e n ta l  p h e t s p h y s i c a l  and
p h o to c h e m ic a l  p r o c e s s e s .  F u r t h e r m o r e ,  t h i s  u s e f u l n e s s
e x t e n d s  i n t o  t h e  r e a l m  o f  b i m o l e c u l a r  p r o c e s s e s  s i n c e
t h e s e  e x c i t e d  s t a t e s  r e a d i l y  p a r t i c i p a t e  i n  b o th  e n e r g y
and e l e c t r o n  t r a n s f e r  r e a c t i o n s 3 . C e r t a i n l y ,
C R u ( b ip y ) 3 3H>-;z and r e l a t e d  c o m p le x e s  c o n s t i t u t e  one
o f  t h e  p r e e m in e n t  p a r a d i  gms o f  o r g a n o m e t a l l i e
p h o t o c h e m i s t r y . H e n c e ,  many o f  t h e  c u r r e n t l y  e m e rg in g
c o n c e p t s  o f  o r g a n o m e t a l l i e  and i n o r g a n i c  p h o to c h e m i s t r y
h a v e  b ee n  q u a n t i t a t i v e l y  v e r i f i e d  by  s t u d y i n g  t h e s e
c o m p le x e s .  F o r  e x a m p le ,  F o rd  and  co  -  w o r k e r s 3  h a v e
u t i 1 i z e d  a  s e r i e s  o f  CRu(NH3 ) = L 3 - 3 and
CRuCNH3 ) « L z 3* z  c o m p le x e s  (L  =  p a r a  -  s u b s t i t u t e d  
p y r i d i n e  o r  p y r a z i n e )  i n  o r d e r  t o  d e m o n s t r a t e  t h a t
p h o t o s u b s t i t u t i o n  r e a c t i o n s  o c c u r  f ro m  a  l i g a n d  f i e l d
(L F )  e x c i t e d  s t a t e  . I f  t h e  p y r i d i n e  1 ig a n d  i s  a  good
a c c e p t o r ,  t h e  lo w e s t  e x c i t e d  s t a t e  h a s  m a i n ly  m e ta l  -
t o  -  1 ig a n d  c h a r g e  t r a n s f e r  (MLCT) c h a r a c t e r  and t h e
p h o t o s u b s t i t u t i o n  i s  an i n e f f i c i e n t  p r o c e s s .  In
c o n t r a s t ,  when t h e  p y r i d i n e  l i g a n d  i s  a p o o r  a c c e p t o r ,
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t h e  lo w e s t  e x c i t e d  s t a t e  h a s  m a i n ly  LF c h a r a c t e r  and  
t h e  p h o t o s u b s t i t u t i o n  o c c u r s  v e r y  e f f i c i e n t l y .  A MLCT 
t r a n s i t i o n  i n  a  d6  lo w  s p i n  co m p le x  i s  shown i n  t h e  
e n e r g y  d ia g r a m  i n  F i g u r e  1 .
T h e s e  lo n g  -  l i v e d  e x c i t e d  s t a t e s  r e a d i l y  
p a r t i c i p a t e  i n  e l e c t r o n  t r a n s f e r  r e a c t i o n s  w i t h  b o th  
o r g a n i c  and i n o r g a n i c  q u e n c h e r s *  C o n s e q u e n t ly ,  t h e s e  
c o m p le x e s  h a v e  o f t e n  b ee n  u t i l i z e d  i n  e x p e r im e n t s  
d e s ig n e d  t o  s c r u t i n i z e  t h e o r i e s  o f  e l e c t r o n  
t r a n s f e r ' * .  As j u s t  o n e  o f  many e x a m p le s ,  Bock e t  a l . 
i n v e s t i g a t e d  b o th  . t h e  o x i d a t i v e  and t h e  r e d u c t i v e  
q u e n c h in g  o f  t r i s  -  b i p y r i d i n e r u t h e n i u m ( I I )  by  a  s e r i e s  
o f  s t r u c t u r a l l y  r e l a t e d  q u e n c h e rs  t h a t  had d i f f e r e n t  
re d o x  p o t e n t i a l s * .  I n  b o th  c a s e s  t h e  q u e n c h in g  r a t e  
c o n s t a n t s  c o u ld  be  s u c c e s s f u l l y  t r e a t e d  b y  means o f  t h e  
M a rc u s  -  Hush t h e o r y * * .
F i n a l l y ,  t h e s e  c o m p le x e s  h a v e  b ee n  e x t e n s i v e l y  
i n v e s t i g a t e d  f o r  t h e i r  u s e  a s  p o t e n t i a l  co m p o n en ts  i n  
s y s te m s  c a p a b l e  o f  p r o d u c in g  h y d ro g e n  p h o t o c h e m i c a l l y  
f ro m  w a t e r .  I n  f a c t ,  w i t h  C R u ( b i p y ) a s  a  
p h o t o a c t i v e  c a t a l y s t ,  t h e  e f f i c i e n c y  o f  h y d ro g e n  
p r o d u c t i o n  h a s  b ee n  r e p o r t e d  t o  b e  a s  h i g h  a s  1371 7 .
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A. GENERAL BACKGROUND.
1 . P h o t o p h y s ic s  o-f T r i s  - b i p y r i d i n e r u t h e n i u m ( I I ) .
T h e  s o l u t i o n  p h a s e  u l t r a v i o l e t  -  v i s i b l e  
a b s o r p t i o n  s p e c t r u m  o-f CRu ( b i p y )  c o n s i s t s  o f
t h r e e  m a jo r  a b s o r p t i o n  b a n d s ,  c e n t e r e d  a t  2 4 4 ,  2 8 5 ,  and  
4 3 8  nm ( s e e  F i g u r e  2 ) The  f i r s t  and t h i r d  b a n d s
e x h i b i t  f i n e  s t r u c t u r e  and h a v e  b ee n  a s s ig n e d  t o  MLCT
t r a n s i t i o n s ’’’ -  1S . The sec o n d  band  o c c u r s  i n  t h e  same  
r e g i o n  a s  t h e  Tf — > 1  ̂ t r a n s i t i o n  o f  t h e  d i p r o t o n a t e d  
fo r m  o f  b i p y r i d i n e  and h a s  c o n s e q u e n t l y  been  a s s ig n e d  
t o  an i n t r a l i g a n d  t r a n s i t i o n  ( F i g u r e  3 ) .
The  C R u ( b i p y ) s ] * 3 c o m p le x  d i s p l a y s  a  
r e l a t i v e l y  i n t e n s e  e m is s io n  ( F i g u r e  2 ) ,  t h e  quantum
e f f i c i e n c y  o f  w h ic h  i s  in d e p e n d e n t  o f  t h e  e x c i t a t i o n  
w a v e le n g t h  and o f  t h e  n a t u r e  o f  t h e  e x c i t i n g  t r a n s i t i o n
( i .  e . , t h e  same r e s u l t  i s  o b t a i n e d  f ro m  aTC  >T\
e x c i t a t i o n  a s  f ro m  a d  >TT i n i t i a l  e x c i t a t i o n  ) .
T h e r e f o r e ,  Qi . b . c . i s  u n i t y  r e g a r d l e s s  o f  t h e  n a t u r e  
o f  t h e  pum ping  s t a t e 1*1' .  E x c i t a t i o n  a t  a n y  w a v e le n g t h  
b e lo w  a p p r o x i m a t e l y  5 5 0  nm r e s u l t s  i n  r a p i d
q u a n t i t a t i v e  f o r m a t i o n  o f  t h e  lo w e s t  e x c i t e d  s t a t e  
MLCT. I t  h a s  been  s u g g e s te d  t h a t  t h i s  i n i t i a l l y  fo rm e d
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s t a t e  c o n t a i n s  l a r g e l y  s i n g l e t  c h a r a c t e r  and u n d e r g o e s  
i n t e r s y s t e m  c r o s s i n g  w i t h  u n i t  e - f - f i c i e n c y  t o  t h e  
c o r r e s p o n d in g  t r i p l e t  MLCT s t a t e 3 0 . The  e m is s io n  i s  
t h e n  a s s ig n e d  t o  p h o s p h o r e s c e n c e  f r o m  t h i s  3 MLCT 
s t a t e .  S i n c e  r a t h e r  l a r g e  s p i n  -  o r b i t  c o u p l i n g  o c c u r s  
i n  CRu ( b i p y )  3 3 'H3 , t h e  u s e  o f  p u r e  s p i n  l a b e l s  may 
n o t  b e  j u s t i f i e d 3 1 . H o w e v e r ,  m ost p h o t o p h y s i c a l  
f e a t u r e s  o f  C R u ( b i p y ) s ] * z  can  b e  r a t i o n a l i z e d  i n  
t e r m s  o f  a  m odel f o r  w h ic h  D3 s ym m etry  i s  assum ed and  
s p i n  -  o r b i t  c o u p l i n g  f o r  t h e  d =
CRu ( b i p y )  ( 11 1 ) c o r e  i s  i n c o r p o r a t e d 3 3 . S in c e  
t h e  e x a c t  m u l t i p l i c i t y  o f  t h e  e m i t t i n g  s t a t e  w i l l  n o t  
a f f e c t  m ost o f  t h e  a r g u m e n ts  p r e s e n t e d  i n  t h i s  w ork  , 
t h e s e  s p i n  l a b e l s  w i l l  be  m a i n t a in e d  , m e r e ly  a s  a  
f o r m a l i s m ,  t h r o u g h o u t  t h e  r e m a in d e r  o f  t h e  t e x t  w i t h  
t h e  u n d e r s t a n d i n g  ha s i n g l e t / t r i p l e t  m ix in g  d o e s  o c c u r  
t o  some e x t e n t ;  t h e  te r m s  f l u o r e s c e n c e  and  
p h o s p h o r e s c e n c e  a r e  v i r t u a l l y  m e a n in g le s s  f o r  t h i s  
m o d e l .
S in c e  e m is s io n  i s  r e a d i l y  o b s e r v e d  , t h i s  
l o w e s t  e x c i t e d  3 MLCT s t a t e  h a s  b ee n  e x t e n s i v e l y
i n v e s t i g a t e d .  A f t e r  m e a s u r in g  t h e  l i f e t i m e s  o f  
C R u ( b ip y ) 3 ] * 3 c o m p le x  a t  lo w  t e m p e r a t u r e  , C ro s b y  
and co  -  w o r k e r s  c o n c lu d e d  t h a t  t h i s  t r a n s i t i o n
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a c t u a l l y  c o n s i s t s  o f  t h r e e  c l o s e l y  s p a c e d  t r a n s i t i o n s  
f ro m  s t a t e s  t h a t  h a v e  w i d e l y  d i f f e r e n t  l i f e t i m e s 132. 
H o w e v e r ,  a t  2 9 8  K, a l l  t h r e e  s t a t e s  a r e  p o p u la t e d  and  
h e n c e  t h e  lu m in e s c e n c e  c a n  be c o n s id e r e d  t o  b e  an  
" a v e r a g e  s t a t e  " .  T h e  r e p r e s e n t a t i o n  w h ic h  b e s t  
a c c o m o d a te s  t h e  e x p e r i m e n t a l  d a t a  i s  shown i n  F i g u r e s  4 
and 5 .
The  a s s u m p t io n s  i n  t h e  model a r e  : ( i )  The
lu m in e s c e n c e  o b s e r v e d  e x p e r i m e n t a l l y  f o r  D3 c o m p le x e s  
(a s  R u ( I I ) ,  d ^ ,  lo w  -  s p i n ) ,  o r i g i n a t e s  f ro m  t h r e e  
c l o s e l y  s p a c e d  e l e c t r o n i c  s t a t e s  ( i n  t h e  c a s e  o f  C2 
c o m p le x e s ,  f o u r  l e v e l s  m ust be assum ed) ( i i )  Each o f  
t h e s e  s t a t e s  i s  c a p a b l e  o f  u n d e r g o in g  b o th  r a d i a t i v e  
and non -  r a d i a t i v e  d e c a y  t o  t h e  g ro u n d  s t a t e .  T h e se  
p a th w a y s  a r e  c o n t r o l l e d  by  f i r s t  o r d e r  k i n e t i c s ,  w i t h  
r a t e  c o n s t a n t s  kr- and  k„r- w h ic h  a r e  t e m p e r a t u r e  
i n d e p e n d e n t  ( i i i )  A B o ltz m a n  e q u i l i b r i u m  b e tw e e n  t h e s e  
s t a t e s  i s  s t a b l i s h e d  and m a i n t a in e d  upon a t i m e  s c a l e  
much s h o r t e r  t h a n  t h e  c h a r a c t e r i s t i c  l i f e t i m e s  o f  t h e  
s t a t e  ( i v )  The  m a n i f o l d  o f  t h e s e  s t a t e s  i s  p o p u la t e d  
f ro m  h i g h e r  e x c i t e d  s t a t e s  w i t h  u n i t  e f f i c i e n c y .
The  sy m m e try  o f  t h e  e x c i t e d  s t a t e  m o le c u le  
a l s o  a p p e a r s  t o  be  t e m p e r a t u r e  d e p e n d e n t  ; i t  i s  D3
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a t  lo w  t e m p e r a t u r e s 323 and c h a n g e s  t o  C2 v  a s  t h e  
t e m p e r a t u r e  i n c r e a s e s 2 4 . T h u s ,  a t  2 9 8  K t h i s  3 MLCT 
s t a t e  can  b e s t  be  d e s c r ib e d  as
C R u ( I I I ) ( b i p y ) z ( b i p y ~ ) D  ; t h a t  i s ,  t h e  e x c i t a t i o n  
i s  n o t  d e l o c a l i z e d  o v e r  a l l  t h r e e  b i p y  l i g a n d s  b u t  
r a t h e r  i s  l o c a l i z e d  on a  s i n g l e  l i g a n d .
T h e  c o n c lu s io n  t h a t  t h e  e x c i t a t i o n  i s  
a p p a r e n t l y  l o c a l i z e d  i n  a  s i n g l e  l i g a n d 33  a t  l e a s t  i n  
s o l u t i o n  p h a s e 34’ , was i n i t i a l l y  b a s e d  upon p o l a r i z e d  
a b s o r p t i o n  and p h o t o s e l e c t i o n  s p e c t r a  o-f
CRu ( b i p y )  3 3* 3  a M ore  r e c e n t l y ,  t i m e  -
r e s o l v e d  r e s o n a n c e  Raman (TR3 ) h a s  i n d i c a t e d  t h a t  t h e  
lo w e s t  e x c i t e d  3 MLCT s t a t e  i s  b e s t  d e s c r ib e d  b y  t h e  
- fo rm u la  C R u ( I I I )  ( b i p y ) z ( b i p y - ) 3 0 , 3 1 , 3 2 , 33_
T h i s  a s s ig n m e n t  was a c c o m p l is h e d  by  a  c o m p a r is o n  o f  t h e  
o b s e r v e d  s h i f t s  o f  v i b r a t i o n a l  b an d s  i n  t h e  g ro u n d  and  
lo w e s t  e x c i t e d  s t a t e s  w i t h  t h o s e  o f  b i p y  and b i p y - . 
T h i s  a s s ig n m e n t  i m p l i e s  t h a t  t h e  e l e c t r o n  i s  l o c a l i z e d  
on a  s i n g l e  b i p y  l i g a n d .  A n a lo g o u s ly ,  C a s p a r  e t  a l . 34  
h a v e  e x a m in e d  t h e  TR3 o f  C O s ( b ip y ) „ (P 3 ) 3 _
r.3* 3  (P 2  =  c i s  -  (C^H-OaP -  CH =  CH -
P (C <s>Ht5) 3 ■ n = 1 -  3 )  and  fo u n d  t h a t  t h e  o b s e r v e d
s p e c t r a l  s h i f t s  a r e  n e a r l y  i d e n t i c a l  f o r  a l l  c o m p le x e s  
and q u i t e  s i m i l a r  t o  t h e  s h i f t  o b s e r v e d  f o r  t h e
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c o m p a r is o n  o-f b i p y / b i p y -  .
F u r t h e r  i n d i c a t i o n  t h a t  t h e  t r a n - f  e r r e d  
e l e c t r o n  i s  b e s t  d e s c r i b e d  a s  r e s i d i n g  on a s i n g l e  
l i g a n d  comes f r o m  f l a s h  p h o t o l y s i s  e x p e r i m e n t s .  The  
i n i t i a l  s t u d i e s  o f  t h e  1o w e s t  e x c i t e d  s t a t e  o f  
CRu ( b i p y )  .-si-"32 w e re  n o t  s e l f  -  c o n s i s t e n t  b u t  a l l  o f  
them  g a v e  a b s o r p t i o n  b a n d s  v e r y  s i m i l a r  t o  t h o s e  o f  
b i p y -  3=5 . A m ore r e c e n t  s t u d y  e x te n d e d  t h e  r e s u l t s  
t h r o u g h o u t  t h e  v i s i b l e  r e g i o n  and r e s u l t e d  i n  a  m ore  
r e s o l  ved  s p e c t r u m 3 **. I n  t o t a l , f i v e  b an d s  w e re  
o b s e r v e d  and  e a c h  c o u ld  b e  a s s ig n e d  a f t e r  c o n s i d e r a t i o n  
o f  s u i t a b l e  model, com pounds. A g a in ,  t h e  a b s o r p t i o n  
s p e c t r u m  was c o n s i s t e n t  w i t h  c h a r g e  l o c a l i z a t i o n  on a  
s i n g l e  1 ig a n d  i n  t h e  e x c i t e d  s t a t e .
The  3 MLCT e x c i t e d  s t a t e  o f  t h e  
C R u ( b ip y ) 3 1 * 3 com plex  i n  w a t e r  a t  2 9 8  K i s  
r e a s o n a b l y  l o n g l i v e d  ( ^  0 . 6 /1  s e c )  and i s  t h o u g h t  t o  be
d e a c t i v a t e d  by t h e  t h r e e  p r o c e s s e s  shown i n  F i g u r e  6 . 
A ls o  t h e  p h o t o p h y s ic s  o f  t r i s  -  b i p y r i d i n e r u t h e n i u m ( I I )  
and r e l a t e d  c o m p le x e s  can  be r e p r e s e n t e d  by  means o f  a  
m o d i f i e d  J a b lo n s k y  d ia g r a m  ( F i g u r e  7 )  . One p r o c e s s  i s  
t h e  r a d i a t i v e  d e c a y  t o  t h e  g ro u n d  s t a t e ,  w i t h  e m is s io n  
o c c u r r i n g  a ro u n d  6 0 0  nm. F o r  a  l a r g e  num ber o f  
p o l y p y r i d i n e  r u t h e n iu m  c o m p le x e s  t h e  v a l u e s  f o r  t h e
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r a d i a t i v e  r a t e  c o n s t a n t  a r e  fo u n d  t o  l i e  b e tw e e n  
and 10 3=s s e c -1  13 . Demas and C ro s b y  h a v e  
d e v e lo p e d  a  s e m i e m p i r i c a l  s p i n  -  o r b i t  c o u p l i n g  model 
w h ic h  g i v e s  semi q u a n t i t a t i v e  p r e d i c t i o n s  o f  r a d i a t i v e  
l i f e t i m e s  (=  1 /  kr-> f o r  num erous r u t h e n i u m ,  osm ium ,
and i r i d i u m  c o m p le x e s 3 '7 . T h i s  a g r e e m e n t  s u p p o r t s  t h e  
a s s ig n m e n t  o f  t h e  e m is s io n  t o  a  s p i n  f o r b i d d e n  c h a r g e  
t r a n s f e r  p r o c e s s .
A r a d i a t i o n l e s s  d e a c t i v a t i o n  p a th w a y  i s  a l s o  
a v a i l a b l e  t o  t h i s  e x c i t e d  s t a t e  . I n  f a c t ,  t h i s  p a th w a y  
i s  g e n e r a l l y  r e s p o n s i b l e  f o r  d i s s i p a t i n g  t h e  m a j o r i t y  
o f  t h e  e x c i t a t i o n  e n e r g y .  The r a t e  c o n s t a n t  f o r  t h i s  
p r o c e s s  i s  t h e o r e t i c a l l y  p r e d i c t e d  t o  depend  
e x p o n e n t i a l l y  on t h e  e n e r g y  d i f f e r e n c e  b e tw e e n  t h e  
i n i t i a l  s t a t e  ( 3MLCT) and t h e  g ro u n d  s t a t e  (G S )3 *3. 
M e y e r  and co  -  w o r k e r s  h a v e  in d e e d  v e r i f i e d  t h i s  
e x p e c t e d  d e p e n d e n c e  f o r  num erou s  r u t h e n iu m  and osmium  
c o m p le x e s 3 *5' '
The  r a d i a t i o n l e s s  r a t e  c o n t a n t  i s  s u b j e c t  t o  a  
l a r g e  s o l v e n t  i s o t o p e  e f f e c t ,  w h ic h  i s  1 .8  f o r  H=0  /
Dz 0  a t  2 9 8  K“* 1 . T h i s  l a r g e  i s o t o p e  e f f e c t  h a s  l e d
Van H o u te n  and W a t t s  t o  s u g g e s t  t h a t  t h e  lu m in e s c e n t
s t a t e  c o n t a i n s  some m e ta l  -  t o  -  s o l v e n t  c h a r g e
1 0
t r a n s f e r  (MSCT) c h a r a c t e r - * 1 . I n  f a c t ,  b y  e v a l u a t i n g
k,-,r- f o r  CRu ( b i p y )  3 3'*':z i n  d i f f e r e n t  s o l v e n t s  , 
N akam ura  e s t i m a t e d  t h e  r e l a t i v e  r a t i o  o f  MLCT and MSCT
f o r  CRu ( b i p y )  i n  w a t e r  t o  be  n e a r l y  u n i t y - * 2 .
H o w e v e r ,  a  s e r i e s  o f  c o m p le x e s  t h a t  h a v e  
s y s t e m a t i c a l l y  d e c r e a s i n g  3 MLCT e x c i t e d  s t a t e  e n e r g i e s  
h a s  been  i n v e s t i g a t e d " * 35. The s t a b i l i z a t i o n  o f  t h e  
3 MLCT s t a t e  s h o u ld  i n c r e a s e  t h e  c o n t r i b u t i o n  o f  t h i s  
c o n f i g u r a t i o n  t o  t h e  o v e r a l l  w a v e f u n c t io n  o f  t h e  
e m i t t i n g  s t a t e .  T h i s  s t a b i l i z a t i o n  n e c e s s a r i l y  
d e c r e a s e s  t h e  m a g n i tu d e  o f  t h e  MSCT c o n f i g u r a t i o n  i n  
t h e  e m i t t i n g  s t a t e  and  s h o u ld  d e c r e a s e  t h e  o b s e r v e d  
i s o t o p e  e f f e c t .  T h i s  p r e d i c t i o n  i s  n o t  b o r n e  o u t  s i n c e  
t h e  i s o t o p e  e f f e c t s  f o r  a l l  c o m p le x e s  s t u d i e d  w e re  
s i m i l a r  . T h e s e  r e s u l t s  s u g g e s t  t h a t  t h e  q u e n c h in g  
m echanism  d o e s  n o t  i n v o l v e  e l e c t r o n  t r a n s f e r  w h ic h  
w o u ld  be  p r e d i c t e d  f o r  t h e  MSCT m o d e l ,  b u t  r a t h e r  a  
s p e c i f i c  q u e n c h in g  i n v o l v i n g  t h e  0 H (D )  b o n d .
T h e  f i n a l  p r o c e s s  t h a t  d e a c t i v a t e s  t h e  
3 MLCT s t a t e  i s  p o p u l a t i o n  o f  a  h i g h e r  e x c i t e d  s t a t e  
t h a t  can  t h e n  u n d e rg o  e f f i c i e n t  r a d i a t i o n l e s s  d e c a y  t o  
t h e  g ro u n d  s t a t e  ( F i g u r e  6 ) .  P o p u l a t i o n  o f  t h i s  h i g h e r  
e x c i t e d  s t a t e  a l s o  r e s u l t s  i n  a  lo w  y i e l d
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p h o t o s u b s t i t u t i o n  r e a c t i o n  w h ic h  i m p l i e s  t h a t  t h i s  
s t a t e  be  i d e n t i f i e d  a s  an LF s t a t e ' * ' * .  By s t u d y i n g  t h e  
t e m p e r a t u r e  d e p e n d e n c e s  o f  t h e  p h o s p h o re s c e n c e  l i f e t i m e  
and o f  t h e  e m is s io n  i n t e n s i t y  o f  C R u ( b ip y ) 3 D *a: i n  
w a t e r ,  Van H o u te n  and W a t t s  w e re  a b l e  t o  e v a l u a t e  t h e  
e n e r g y  d i f f e r e n c e  b e tw e e n  t h e  3 MLCT and LF e x c i t e d  
s t a t e  a s  3 , 6 0 0  cm-1  * *  ( F i g u r e  8 ) .  I n  o r d e r  t o  
s u b s t a n t i a t e  t h e s e  c o n c lu s io n s  f u r t h e r , t h e  a c t i v a t i o n  
e n e r g y  f o r  LF p o p u l a t i o n ,  E , i n  a  num ber o f  c o m p le x e s  
t h a t  h a v e  d i f f e r e n t  3 MLCT e n e r g i e s  h a s  been  
i n v e s t i g a t e d  J* 3 . As shown i n  F i g u r e  6 , i f  o n l y  t h e  
3 MLCT e n e r g y  d e c r e a s e s ,  t h e  a c t i v a t i o n  e n e r g y  s h o u ld  
i n c r e a s e  p r o p o r t i o n a t e l y .  Such a c o r r e l a t i o n  h a s  in d e e d  
b ee n  o b s e r v e d  and  c l e a r l y  s u g g e s t s  t h a t  t h e r e  i s  a  
t h e r m a l  e q u i 1 i b r i u m  b e tw e e n  t h e s e  tw o  e x c i t e d  s t a t e s .
S i m i l a r l y ,  C a s p a r  and M eyer h a v e  r e c e n t l y  
r e p o r t e d  a  s t u d y  o f  C R u ( b ip y ) 2 l.2 ] - z  c o m p le x e s
(L “  mono -  and b i d e n t a t e  1 ig a n d s  w i t h  N, P ,  o r  As d o n o r  
a t o m s ) 3 * '.  T h e r e  was a d r a m a t i c  e f f e c t  o f  t h e  1 ig a n d  
upon t h e  e x c i t e d  s t a t e  p r o p e r t i e s  o f  t h e  c o m p le x e s .  
U n f o r t u n a t e l y ,  no c l e a r  c o r r e l a t i o n  b e tw e e n  t h e  3 MLCT 
e n e r g y  and a c t i v a t i o n  e n e r g y  f o r  LF  p o p u l a t i o n  was 
a p p a r e n t .  T h i s  o b s e r v a t i o n  r e s u l t s  f ro m  a  s u b s t a n t i a l  
v a r i a t i o n  o f  b o th  t h e  3 MLCT and LF e n e r g i e s .  The
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f o r m e r  i s  e a s i l y  e v a l u a t e d  b y  means o f  e m is s io n  
s p e c t r o s c o p y  o f  t h e s e  c o m p le x e s  w h i l e  t h e  l a t t e r  i s  
d i f f i c u l t ,  i f  n o t  i m p o s s i b l e ,  t o  e v a l u a t e .  On t h e  o t h e r  
h a n d ,  a  s t u d y  o f  s o l v e n t  e f f e c t s  on t h e  e x c i t e d  s t a t e  
b e h a v i o r  o f  C R u ( b i p y ) h a s  c l e a r l y  i n d i c a t e d  a 
r e l a t i o n s h i p  b e tw e e n  t h e  3 MLCT e n e r g y  and t h e  
a c t i v a t i o n  e n e r g y  f o r  LF  p o p u l a t i o n * 55.
From t h e  a b o v e  d i s c u s s i o n ,  i t  i s  c l e a r  t h a t  
t h e  m odel p r e s e n t e d  i n  F i g u r e s  6  and 7  i s  
s u b s t a n t i a t e d  by  num erou s  e x p e r i m e n t a l  d a t a .  
N e v e r t h e l e s s ,  d e s p i t e  t h e  v a s t  l i t e r a t u r e  s u p p o r t i n g  
t h a t  m o d e l ,  w h ic h  i s  g e n e r a l l y  a c c e p te d  t o  e x p l a i n  t h e  
o b s e r v e d  b e h a v i o r  o f  o t h e r  p o l y p y r i d i n e  r u t h e n iu m  
c o m p le x e s ,  r e c e n t  s t u d i e s  h a v e  p r e s e n t e d  e x p e r im e n t a l  
e v id e n c e  t h a t  was n o t  i n  a g r e e m e n t .
F o r  i n s t a n c e ,  F a s a n o  and H o ggard  h a v e  r e c e n t l y  
r e p o r t e d  r e s u l t s  w h ic h  seem t o  s u g g e s t  t h a t  t h e  3 MLCT 
and LF e x c i t e d  s t a t e s  a r e  n o t  i n  t h e r m a l  
e q u i l i b r i u m * ^ .  T h e y  i n v e s t i g a t e d  t h e  q u e n c h in g  o f  
b o th  t h e  e m is s io n  i n t e n s i t y  ( f r o m  3M L C T ), and t h e  
p h o t o s u b s t i t u t i o n  r e a c t i o n  ( f r o m  LF ) o f
ERu ( b i p y )  3 ]-*-== i n  DMF w i t h  0 . 1  M TBABr p r e s e n t  . The  
e f f e c t i v e ,  u n c h a rg e d  q u e n c h e r  s e l e c t e d  was f e r r o c e n e ,  
w h ic h  a c t i v e l y  i n t e r a c t e d  i n  t h e  e m is s io n  and
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p h o t o s u b s t i t u t i o n  p r o c e s s e s .  H o w e v e r ,  t h e  r e s u l t i n g  tw o  
l i n e a r  S t e r n  -  V o lm e r  p l o t s  w e re  -found t o  h a v e
s u b s t a n t i a l l y  d i f f e r e n t  s l o p e s .  I n  f a c t ,  t h e  s l o p e  f o r
t h e  q u e n c h in g  o f  t h e  p h o t o s u b s t i t u t i o n  was d e t e r m in e d  
t o  be 3  -  f o l d  l a r g e r  t h a n  t h e  s l o p e  f o r  t h e
lu m in e s c e n c e  q u e n c h in g .  T h e s e  r e s u l t s  s u g g e s t  t h a t  t h e
3 MLCT and LF e x c i t e d  s t a t e s  a r e  n o t  i n  t h e r m a l
e q u i l i b r i u m ,  and p r o d u c e  e v id e n c e  a g a i n s t  t h e  
p o s t u l a t e d  model w h ic h  i n v o l v e s  t h e  s u g g e s te d  
e q u i l i b r i u m .  F u r t h e r m o r e ,  t h e  l i f e t i m e  o f  t h e  LF s t a t e  
a p p e a r s  t o  be  much l a r g e r  t h a n  t h a t  o f  t h e  3 MLCT 
s t a t e .
As an a d d i t i o n a l  e x a m p le  o f  d is a g r e e m e n t  w i t h  
t h e  c u r r e n t l y  a c c e p t e d  m o d e l ,  some p u b l i s h e d  
p h o t o p h y s i c a l  s t u d i e s  seem t o  i n d i c a t e  t h a t  t h e r e  i s  
n o t  a  c l e a r  c o r r e l a t i o n  o f  t h e  l i g a n d  f i e l d  e x c i t e d
s t a t e  e n e r g i e s  o f  some p o l y p y r i d i n e  r u t h e n i u m ( I I )
c o m p le x e s  w i t h  t h e  c o r r e s p o n d in g  l i g a n d  f i e l d  
s t r e n g t h s .  T h u s ,  a s  was p r e v i o u s l y  s t a t e d ,  t h e  
d i f f e r e n c e  b e tw e e n  t h e  3 MLCT and LF e x c i t e d  s t a t e  o f  
C R u tb ip y ) - , } ' " 3' i n  H2 D h a s  been  e v a l u a t e d  t o  be  
3 , 6 0 0  cm-1  -*1 * t h e  4 , 5  -  d i a z a f l u o r e n e  l i g a n d  h a s  
bee n  shown t o  c a u s e  l i t t l e  c h a n g e  i n  t h e  e n e r g y  o f  an y  
MLCT s ta te " * '7 . N e v e r t h e l e s s ,  i n  t h e  c a s e  o f
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C R u ( b ip y ) 3 ( d i a z ) D * 3 o v e r  t h e  t e m p e r a t u r e  r a n g e  o f  
2 5 0  -  3 5 0  K , t h e  o b s e r v e d  t e m p e r a t u r e  d e p e n d e n c e  o f  t h e  
e m is s io n  i n t e n s i t y  y i e l d e d  a v a l u e  o f  3 , 4 5 0  cm- 1 ,
w h ic h  i s  a  v a l u e  q u i t e  s i m i l a r  t o  t h a t  o b s e r v e d  f o r  
CRu ( b ip y )  s i - 3 ■*s . T h i s  d e t e r m i n a t i o n  was i n  s h a rp  
c o n t r a s t  w i t h  r e s u l t s  e x p e c t e d  on t h e  b a s i s  o f  t h e  
a c c e p te d  model s i n c e  t h e  e n e r g y  o f  t h i s  p resu m ed  LF  
e x c i t e d  s t a t e  d i d  n o t  seem t o  depend  on t h e  l i g a n d  
f i e l d  s t r e n g t h  i n  t h e  e x p e c t e d  m a n n e r .  L i k e w i s e ,  i n  t h e  
c a s e  o f  C R u ( b ip y ) 2 < p y ) a l t h o u g h  p y r i d i n e  i s  
lo w e r  i n  t h e  s p e c t r o c h e m ic a l  s e r i e s  t h a n  b i p y r i d i n e ,  
t h e  v a l u e  o f  A E  h a s  b ee n  e v a l u a t e d  o v e r  t h e  2 5 0  -  3 5 0  
K t e m p e r a t u r e  r a n g e  and fo u n d  t o  b e  3 , 4 1 0  cm-1  
Once m o re ,  t h i s  v a l u e  o f  A E  s u g g e s t s  l i t t l e  
c h a n g e  i n  t h e  e n e r g y  o f  t h e  p resum ed LF s t a t e ,  and  
g i v e s  t h e  im p r e s s io n  t h a t  t h e  l i g a n d  f i e l d  t r e n d s  w h ic h  
a r e  v e r y  a p p a r e n t  i n  s t u d i e s  o f  o t h e r  m e ta l  c o m p le x e s  
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2 .  P h o t o s u b s t i t u t i o n  M o d e l .
The p h o t o s u b s t i  t u t i  on quantum  y i e l d  o f  
C R u ( b ip y ) 3 ] * 2  i n  a q u e o u s  s o l u t i o n  i s  pH d e p e n d e n t .  
T h e r e  i s  no d e t e c t a b l e  p h o t o r e a c t i o n  o f  t h e  co m p lex  a t  
n e u t r a l  pH , w h i l e  t h e  e f f i c i e n c y  o f  t h e  p h o t o r e a c t i o n  
o f  t h e  co m p lex  i n  e i t h e r  a c i d i c  o r  b a s i c  m e d ia  r i s e s  t o  
a d e t e c t a b l e ,  a l b e i t  lo w ,  v a l u e d .  On t h e  o t h e r  h a n d ,  
a m arked  i n c r e a s e  i n  t h e  e f f i c i e n c y  o f  t h i s  p r o c e s s  can  
b e  o b s e r v e d  when t h e  co m p lex  i s  d i s s o l v e d  i n  o r g a n i c  
s o l v e n t s  such  a s  CH3 C12 and DMF = ° .  An e l e g a n t  
i n v e s t i g a t i o n  o f  t h i s  p r o c e s s  h a s  been  r e p o r t e d  by  
M e y e r  and co  -  w o r k e r s 4 5 -'* '7 . S e v e r a l  p o l y p y r i d i n e  
r u t h e n iu m  c o m p le x e s  w e re  i n v e s t i g a t e d  and t h e  m ost  
e n l i g h t e n i n g  c o n t r a s t  was p r o v i d e d  by C R u ( b i p y ) s i * 2  
and c i s  — C R u (b ip y )  = ( p y ) =a]-»-=. The e m is s io n  
i n t e n s i t i e s  and l i f e t i m e s  o f  b o th  c o m p le x e s  w e re  fo u n d  
t o  be c o m p a r a b le  . I n  c o n t r a s t ,  t h e i r  p h o to c h e m ic a l  
b e h a v i o r  was fo u n d  t o  be  q u i t e  d i f f e r e n t .  In  t h e  c a s e
o f  C R u ( b ip y ) 2 ( p y > z l * 2 , t h e  p h o t o s u b s t i t u t i o n  o f  a  
p y r i d i n e  1 ig a n d  i s  v e r y  e f f i c i e n t  and e s s e n t i a l l y  
i n d e p e n d e n t  o f  e i t h e r  s o l v e n t  ( w a t e r  v e r s u s
C H z C la )  o r  c o u n t e r i o n .  I n  t h e  c a s e  o f  
C R u ( b i p y ) s i * 2  i n  o r g a n i c  s o l v e n t s ,  t h e
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p h o t o r e a c t i o n  h a s  a lo w  e f f i c i e n c y  and t h e  r e a c t i o n  
o c c u r s  o n l y  i n  t h e  p r e s e n c e  o f  a  good e n t e r i n g  l i g a n d  
such  a s  i s o t h i o c y a n a t e ,  NCS~.
T h i s  d r a m a t i c  d i f f e r e n c e  i n  t h e  p h o to c h e m ic a l  
b e h a v i o r  o f  t h e s e  c o m p le x e s  c a n n o t  r e s u l t  f r o m  a
d i f f e r e n c e  i n  t h e i r  3 MLCT s t a t e s .  In d e e d ,  t h e  v a r i o u s  
r a t e  c o n t a n t s  o f  b o th  s p e c i e s  f o r  d e a c t i v a t i o n  o f  t h i s  
s t a t e  a r e  c o m p a ra b le  . C o n s e q u e n t1y ,  t h e  d r a m a t ic  
p h o to c h e m ic a l  d i f f e r e n c e  m ust dep end  on a  s t a t e  fo rm e d  
a f t e r  t h i s  e x c i t e d  3 MLCT s t a t e  i s  d e a c t i v a t e d .  M eyer  
and co  -  w o r k e r s  h a v e  s u g g e s te d  t h a t  t h e  k ey
i n t e r m e d i a t e  w h ic h  d i c t a t e s  t h e  p h o to c h e m ic a l  
e f f i c i e n c y  i s  a p e n t a c o o r d i n a t e d  s p e c i e s  o b t a i n e d  by  
p h o t o e x t r u s i o n  o f  a  p y r i d i n e  l i g a n d .  I n  t h e  c a s e  o f
CRu ( b i p y )  =» (p y )  zU"''2 , t h i s  i n t e r m e d i a t e  i s  t r a p p e d  
by  an y  n e a r b y  l i g a n d  and  t h e  p r o d u c t  d i s t r i b u t i o n  w i l l  
dep end  s o l e l y  o n l y  on r e l a t i v e  c o n c e n t r a t i o n s .  I n  t h e  
c a s e  o f  C R u ( b i p y ) t h i s  c o o r d i n a t e l y  
u n s a t u r a t e d  s p e c ie s  i s  a l s o  fo r m e d .  H o w e v e r ,  t h e  
e x t r u d e d  p y r i d i n e  i s  p r e v e n t e d  f ro m  d i f f u s i n g  away
a n d , i n  f a c t ,  i s  h e l d  i n  a  p o s i t i o n  t h a t  f a c i l i t a t e s  
r a p i d  r e c o o r d i n a t i o n  . The  o n l y  p o s s i b l e  m ethod o f  
c o m p e t in g  w i t h  t h i s  r a p i d  c o l l a p s e  t o  t h e  s t a r t i n g  
com plex  i s  t o  h a v e  a s t r o n g l y  c o m p le x in g  l i g a n d  n e a r b y .  
T h i s  n e a r b y  l i g a n d  i s  s u r e l y  p r e s e n t  i n  t h e  f o r m a t i o n
2 5
o f  CRu ( b i p y ) »]■*■* CNCS ] 2  i n  o r g a n ic
s o l v e n t s ( e . g . , C H ^ C l^ ) ,  w h e re  t h e s e  s p e c ie s  m ust  
c e r t a i n l y  e x i s t  a s  io n  p a i r s .
T h e s e  o b s e r v a t io n s ' * * * '  01 h a v e  been  
r a t i o n a l i z e d  w i t h i n  t h e  f ra m e w o rk  o f  t h e  p o s t u l a t e d  
model w h ic h ,  a t  p r e s e n t  , i s  g e n e r a l l y  a c c e p t e d  a t  
l e a s t  a s  a  f i r s t  a p p r o x im a t i o n  f o r  s t u d i e s  o f  
p h o t o s u b s t i t u t i o n  p r o c e s s e s  i n v o l v i n g  p o l y p y r i d i n e  
r u t h e n iu m  ( I I )  c o m p le x e s  .T h e  e s e n t i a l  f e a t u r e s  o f  t h i s  
m odel a r e  p r e s e n t e d  i n  F i g u r e  9 .  E x c i t a t i o n  r e s u l t s  i n  
t h e  q u a n t i t a t i v e  p r o d u c t i o n  o f  a  t r i p l e t  MLCT s t a t e .  
B e s id e s  r a d i a t i v e  and r a d i a t i o n l e s s  d e c a y ,  t h i s  3 MLCT 
e x c i t e d  s t a t e  may u n d e rg o  a t h e r m a l l y  in d u c e d  i n t e r n a l  
c o n v e r s io n  t o  a  h i g h e r  -  l y i n g  LF e x c i t e d  s t a t e .  Once  
t h i s  LF s t a t e  h a s  been  p o p u l a t e d ,  i t  may be  
d e a c t i v a t e d  by  e i t h e r  d e c a y  b a c k  t o  t h e  g ro u n d  s t a t e  
o r  by  p h o to c h e m ic a l  p a th w a y s .  I n  t h e  l a t e r  p r o c e s s ,  a  
p e n t a c o o r d i n a t e d  i n t e r m e d i a t e  ( I )  i s  p r o d u c e d .  The  
i n t e r m e d i a t e  may i n  t u r n  d e c a y  t o  t h e  g ro u n d  s t a t e  by  
u n d e r g o in g  a  r e c l o s u r e  t o  t h e  s t a r t i n g  co m p lex  o r  may be  
t r a p p e d  by  a n o t h e r  e x t e r n a l  l i g a n d  (L )  t o  p r o d u c e  a  n e t  
p h o t o s u b s t i t u t i o n .  The  key  t o  u n d e r s t a n d i n g  t h e  
p h o t o a n a t io n  e f f i c i e n c y  i s  t o  f o l l o w  t h e  p a r t i t i o n i n g  
o f  t h e  i n t e r m e d i a t e  ( I )  b e tw e e n  p r o d u c t s  and s t a r t i n g
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m a t e r i a l .
3 .  The  e f f e c t  o f  r i n g  s i z e  on p h o t o p h y s i c a l  
and p h o to c h e m ic a l  p r o p e r t i e s .
From a n o t h e r  p e r s p e c t i v e ,  i t  h a s  been  
d e t e r m in e d  t h a t  a n y  c h a n g e  i n  t h e  Ru -  N bond o v e r l a p  
h a s  an i m p o r t a n t  e f f e c t  on t h e  e x c i t e d  s t a t e  o f  
p o l y p y r i d i n e  r u t h e n i u m ( I I )  c o m p le x e s  . C h e r r y  and co  -  
w o r k e r s 4 7  r e p o r t e d  a  c o n v e n i e n t  m ethod f o r  
s e l e c t i v e l y  p e r t u r b i n g  t h e  e n e r g y  o f  LF s t a t e  w h i l e  
l e a v i n g  t h e  MLCT s t a t e  n e a r l y  u n c h a n g e d . T h i s  m ethod  
was b a s e d  upon t h e  4 ,  5  -  d i a z a f l u o r e n e  ( d i a z )  l i g a n d
i n  w h ic h  t h e  m e t h y le n e  b r i d g e  d i s t o r t s  t h e  b i p y r i d i n e  
p o r t i o n  o f  t h e  m o le c u le  so  t h a t  t h e  N -  m e ta l  o v e r l a p  i s  
r e d u c e d .  H e n c e ,  d i a z  i s  e f f e c t i v e l y  lo w e r  t h a n  b i p y  i n  
t h e  s p e c t r o c h e m ic a l  s e r i e s  and c o n s e q u e n t ly  t h e  e n e r g y  
o f  a n y  LF s t a t e  i s  lo w e r e d  ( F i g u r e  1 0 ) .  On t h e  o t h e r  
h a n d ,  t h e  r e d u c t i o n  p o t e n t i a l s  o f  b o th  d i a z  and b i p y  
s h o u ld  b e  s i m i l a r  so  t h a t  a n y  c h a n g e  i n  t h e  e n e r g y  o f  
t h e  MLCT s t a t e  i s  e x p e c t e d  t o  b e  m o d e s t .  The  7 7  K 
t e m p e r a t u r e  e m is s io n  s p e c t r a  f o r  RuC ( b i p y ) 3 3'*':z and  
C R u ( b ip y ) 3 ( d i a z ) I * 3  ( F i g u r e  11 )  d e m o n s t r a t e s  t h a t  
t h e  i n t e n s i t i e s  a r e  c o m p a r a b le  and v e r y  fe w  d i f f e r e n c e s  
i n  t h e  band s h a p e s  o f  t h e s e  s p e c t r a  w e re  a p p a r e n t .  A
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s m a l l  4  nm b a t h o c r o m ic  s h i f t  n o te d  f o r  
C R u ( b i p y ) s u p p o r t e d  t h e  c o n t e n t i o n  t h a t  a n y  
M L C T 's  a r e  o n l y  s l i g h t l y  a f f e c t e d  by  s u b s t i t u t i o n  o f  
d i a z  f o r  b i p y .  B o th  s p e c t r a  o f  t h e  compounds a t  2 9 8  K 
u n d e rg o  a  s u b s t a n t i a l  b a t h o c r o m ic  s h i f t  and  a  l o s s  o f  
f i n e  s t r u c t u r e .  H o w e v e r ,  t h e  m ost s p e c t a c u l a r  c h a n g e  
was i n  t h e i r  r e l a t i v e  i n t e n s i t i e s .  The e m is s io n  
i n t e n s i t y  o f  C R u ( b i p y ) a t  2 9 8  K i s  a lm o s t  f i f t y  
-  f o l d  l a r g e r  t h a n  t h a t  o f  C R u ( b i p y ) z ( d i a z ) a t  
t h e  same t e m p e r a t u r e .  The  r e s u l t s  s u m m a riz e d  ab o v e  
c o u ld  be  r e a d i l y  r a t i o n a l i z e d  by  t h e  p r e v i o u s l y  
d e s c r ib e d  model o f  F i g u r e  6 .  A t  7 7  K o n l y  t h e  r a d i a t i v e  
and non -  r a d i a t i v e  p r o c e s s e s  t o  t h e  g ro u n d  s t a t e  a r e  
o p e r a t i o n a l  and b o th  c o m p le x e s  h a v e  s i m i l a r  e m is s io n  
i n t e n s i t i e s .  When t h e  t e m p e r a t u r e  i s  r a i s e d ,  t h e r m a l  
p o p u l a t i o n  o f  t h e  LF e x c i t e d  s t a t e  becom es i m p o r t a n t .  
S i n c e  t h e  LF s t a t e  o f  C R u ( b ip y ) 2 ( d i a z ) ] ~ 3 i s  
e n e r g e t i c a l l y  lo w e r  t h a n  t h a t  o f  C R u ( b i p y ) s ] * 3 , t h e  
p o p u l a t i o n  o f  t h e  f o r m e r  i s  much g r e a t e r  a t  2 9 8  K, and  
t h u s  t h e  o b s e r v e d  d r a s t i c  r e d u c t i o n  o f  t h e  e m is s io n  
i n t e n s i t y  o c c u r s .
From t h e  p r e v i o u s  d i s c u s s i o n ,  i t  i s  c l e a r  t h a t  
c h a n g e s  i n t r o d u c e d  i n  t h e  Ru -  N bond o v e r l a p  can  e x e r t  
a p r o f o u n d  e f f e c t  on t h e  e x c i t e d  s t a t e  p r o c e s s e s  o f
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p o l y p y r i d i n e  r u t h e n i u m ( I I ) c o m p le x e s ,  and t h e s e  
o b s e r v a t i o n s  a r e  d i r e c t l y  r e l a t e d  t o  t h e  p h o to c h e m ic a l  
b e h a v i o r  a s s o c i a t e d  w i t h  t h e  LF s t a t e .
A r e l a t e d  p e r t u r b a t i o n ,  w h ic h  a l s o  m o d i f i e s  
t h e  g e o m e tr y  and t h e r e f o r e  t h e  c h a r a c t e r i s t i c s  o f  t h e  
Ru -  N b o n d s ,  can  b e  a c h ie v e d  by  v a r y i n g  t h e  r i n g  s i z e  
o f  a  s e r i e s  o f  c o m p le x e s  w i t h  t h e  g e n e r a l  f o r m u l a t i o n  
CRu ( b i p y )  z L I I * 2  i n  w h ic h  t h e  c o m p le x e s  c o n t a i n  
l i g a n d s ,  L , t h a t  h a v e  tw o  p y r i d i n e s  l i n k e d  by  
m e t h y le n e  b r i d g e s  o f  v a r y i n g  l e n g t h s .  T h i s  s e r i e s  o f  
l i g a n d s  i s  shown in .  F i g u r e  2 9 .
O f c o u r s e ,  s e v e r a l  e f f e c t s  can  b e  v i s u a l i z e d  
t o  o p e r a t e  when t h i s  s e r i e s  i s  s t u d i e d .  As n i n c r e a s e s ,  
n o t  o n l y  d o e s  t h e  s i z e  o f  t h e  c h e l a t i n g  r i n g  i n c r e a s e ,  
b u t  a l s o  t h e  N -  Ru -  N c h e l a t i o n  a n g le  s h o u ld  
i n c r e a s e .  A c a r e f u l  s t u d y  o f  t h e  p h o t o p h y s ic s  o f  t h e s e  
r e l a t e d  c o m p le x e s  w o u ld  b e  v a l u a b l e  i n  o r d e r  t o  
d e l i n e a t e  c h a n g e s  i n  t h e  e n e r g i e s  o f  a n y  LF s t a t e .  In  
a d d i t i o n ,  t h e  a d e q u a t e  i n v e s t i g a t i o n  o f  t h e  
p h o t o e x t r u s i o n  p r o c e s s  c o u ld  p r o v i d e  v a l u a b l e  
i n f o r m a t i o n  a b o u t  t h e  d y n a m ic s  o f  r e c l o s u r e  o f  t h e  
c h e l a t i n g  r i n g ,  one  o f  t h e  p r o c e s s e s  i n v o l v e d  i n  t h e  
p h o t o s u b s t i t u t i o n  m odel p r e s e n t e d  i n  t h e  p r e v i o u s  
s e c t i o n  ( F i g u r e  9 ) .
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A c o m p le m e n ta r y  s t u d y ,  a l s o  r e l a t e d  t o  t h e  
v a r i a t i o n  o f  t h e  r i n g  s i z e  o f  c o m p le x e s ,  h a s  been  
d e s ig n e d  t o  add m ore u s e f u l  i n f o r m a t i o n  w i t h  w h ic h  t o  
r a t i o n a l i z e  t h e  p h o to c h e m ic a l  b e h a v i o r  o f  p o l y p y r i d i n e  
r u t h e n i u m ( 1 1 ) c o m p l e x e s .T h is  s e r i e s  o f  c o m p le x e s  i n  
w h ic h  t h e  g e n e r a l  f o r m u l a t i o n  i s  a s  g i v e n  a b o v e  b u t  
p r e p a r e d  w i t h  1 ig a n d s ,  L , t h a t  h a v e  tw o  a m in e  g ro u p s  
l i n k e d  b y  m e t h y le n e  b r i d g e s  o f  d i f f e r e n t  l e n g t h s  i s  
shown i n  F i g u r e  3 6 .
U n der i d e a l  c o n d i t i o n s ,  t h e  t e m p e r a t u r e  
d e p e n d e n c e  o f  t h e  e m is s io n  i n t e n s i t y  a n d / o r  l i f e t i m e s  
f o r  b o th  s e r i e s  o f  c o m p le x e s  s h o u ld  b e  e v a l u a t e d .  T h e s e  
s t u d i e s  w o u ld  a l l o w  t h e  e n e r g e t i c  m app ing  o f  b o th  t h e  
3 MLCT and LF s t a t e  . T h e  d e p e n d e n c e  o f  b o t h  upon t h e  
c h e l a t e  r i n g  s i z e  and c h e l a t i o n  a n g l e  s h o u ld  be  
e v a l u a t e d  f o r  t h e  tw o  s e r i e s  o f  comp1 e x e s .  T h e n ,  t h e  
p h o t o c h e m is t r y  o f  t h e s e  c o m p le x e s  i n  d i f f e r e n t  s o l v e n t s  
s h o u ld  b e  e v a l u a t e d  a t  known C l -  c o n c e n t r a t i o n s .  The  
i n i t i a l  c o u n t e r  io n  s h o u ld  be  P F * -  w h ic h  d o e s  n o t  
p a r t i c i p a t e  i n  t r a p p i n g  t h e  p e n t a c o o r d i n a t e
i n t e r m e d i a t e .  The  quantum  y i e l d  o f  p h o to e x  t r u s i  on 
s h o u ld  b e  e v a l u a t e d  a t  v a r i o u s  C l -  c o n c e n t r a t i o n s .  As 
shown i n  A p p e n d ix  A . 2 , t h e  quantum  y i e l d  o f
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p h o t o s u b s t i t u t i o n  i s  r e l a t e d  t o  t h e  CC1~D by  E q . ( 1 ) ,
1 /  Q (P )  = 1 /  C T - Q ( I )  k LF, 1 +
C l /  CT„Q ( I ) kL F ]  JC k r c /  kp > C l / C C l - ] >  ( 1 )
i n  w h ic h  Q (P )  and Q ( I ) a r e  t h e  quantum  y i e l d s  
o-f p h o t o s u b s t i t u t i o n  and -F o rm a tio n  o f  t h e  
p e n t a c o o r d i n a t e  i n t e r m e d i a t e  f ro m  t h e  LF s t a t e  , 
i s  t h e  lu m in e s c e n t  l i f e t i m e ,  k,_F , and kp a r e
t h e  r a t e  c o n s t a n t s  , f o r  p r o d u c t i o n  o f  LF f ro m  3  MLCT, 
r i n g  c l o s u r e ,  and C l -  io n  t r a p p i n g  o f  t h e  
p e n t a c o o r d i n a t e  i n t e r m e d i a t e .  C l e a r l y ,  t h e  g ra p h  o f  
Q ( P ) - 1  v e r s u s  CC1- ! - 1 s h o u ld  be l i n e a r .  The  
i n t e r c e p t  w o u ld  a l l o w  d i r e c t  e v a l u a t i o n  o f  t h e  
e f f i c i e n c y  o f  t h e  f o r m a t i o n  o f  t h e  p e n t a c o o r d i n a t e d  
i n t e r m e d i a t e  f ro m  t h e  LF s t a t e  . T h e  r e l a t i v e  
im p o r ta n c e  o f  r i n g  c l o s u r e  c a n  be e s t a b l i s h e d  by  
e v a l u a t i n g  t h e  r a t i o  o f  s l o p e  /  i n t e r c e p t  w h ic h  i s  
ki—cr /  kp . I f  one  assum es t h a t  t h e  b i m o l e c u l a r  r a t e  
c o n s t a n t  f o r  C l~  t r a p p i n g  i s  s i m i l a r  f o r  a l l  t h e  
c o m p le x e s ,  t h e  r e l a t i v e  im p o r t a n c e  o f  r i n g  r e c l o s u r e  
w o u ld  be  d i r e c t l y  r e l a t e d  t o  t h e  s l o p e  /  i n t e r c e p t  
r a t i o .  E v a l u a t i o n  o f  t h i s  p a r a m e t e r  w o u ld  be a  c r u c i a l
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t e s t  f o r  t h e  p h o t o s u b s t i t u t i o n  m odel p ro p o s e d  by  M e y e r  
and co  -  w o r k e r s 4 3 - ^ .
The p h o t o s u b s t i t u t i o n  quantum  y i e l d  o f  
CRu ( b i p y  > h a s  been  shown t o  b e  c a t a l y z e d  by  t h e
p r e s e n c e  o f  m e ta l  i o n s 3 2 . S p e c i f i c a l l y ,  A g -  g r e a t l y  
i n c r e a s e s  t h e  p h o t o s u b s t i t u t i o n  o f  C R u ( b ip y ) s i""3  t o
C R u ( b ip y ) z ( C H 3 C N )e ] * 2  i n  CH3 CN s o l u t i o n  upon  
p h o t o l y t i c  i r r a d i a t i o n .  T h e r e  i s  a  c o n t in u o u s  
e f f i c i e n c y  i n c r e a s e  a s  CAg-3 i n c r e a s e s  u n t i l  a  
l i m i t i n g  v a l u e  a t  0 . 8  M i s  r e a c h e d .  W h i t t e n  and co  -  
w o r k e r s  h a v e  a t t r i b u t e d  t h i s  i n c r e a s e  t o  t h e  t r a p p i n g  
o f  t h e  p e n t a c o o r d i n a t e  i n t e r m e d i a t e  b y  Ag"- !53. 
P r e s u m a b ly ,  t h e  s i l v e r  io n  c o m p le x e s  t h e  l i b e r a t e d  
l i g a n d  and t h u s  r e d u c e s  t h e  e f f i c i e n c y  o f  r i n g  c l o s u r e .  
The v a c a n t  i n i t i a l  s i t e  i s  e v e n t u a l l y  f i l l e d  by  a  
s o l v e n t  m o l e c u l e .  An e x c e l l e n t  m ethod  o f  v e r i f y i n g  t h i s  
h y p o t h e s i s  w o u ld  b e  t o  d e t e r m in e  t h e  c a t a l y t i c  e f f e c t  o f  
Ag"" an  s e r i e s  o f  p y r i d i n e  c o m p le x e s  o u t l i n e d  a b o v e  
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F i g u r e  9 .  M odel o f  t h e  p h o t o s u b s t i t u t i o n  o f  p o l y p y r i d i n e  
r u t h e n iu m  ( I I )  c o m p le x e s .  T h e  3 MLCT i s  fo rm e d  w i t h  u n i t  






-CH2 bridge distorts Na-Md overlap 
-  little change in tt system 
Result: diaz lowers LF energy but no 
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F i g u r e  1 0 .  P e r t u r b a t i o n  o f  t h e  e n e r g y  o f  LF s t a t e  due  t o  4 , 5  





580540 6 2 0 660 700
X (nm)
F i g u r e  1 1 .  E m is s io n  s p e c t r a  o f  c o m p le x e s  A and B.
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B. AIMS AND SCOPE OF T H IS  RESEARCH.
E l u c i d a t i o n  o f  t h e  c o m p r e h e n s iv e
p h o t o c h e m is t r y  o f  p o l y p y r i d i n e  r u t h e n i u m ( I I ) c o m p le x e s  
was t h e  g e n e r a l  g o a l  o f  t h e  i n v e s t i g a t i o n  r e p o r t e d  
h e r e i n .  I n  c o n t r a s t  t o  t h e  e x t e n s i v e  p h o t o p h y s i c a l  
s t u d i e s  o f  p o l y p y r i d i n e  r u t h e n i u m ( I I )  c o m p le x e s  , t h e r e  
h a v e  been  r e l a t i v e l y  fe w  i n v e s t i g a t i o n s  o f  t h e  
p h o t o c h e m is t r y  o f  t h e s e  c o m p le x e s .  As a  r e s u l t ,  l a r g e  
g a p s  i n  t h e  u n d e s t a n d in g  o f  t h e s e  p r o c e s s e s  e x i s t .  
W h i le  tw o  i n t e r m e d i a t e s ,  a  l i g a n d  f i e l d  (L F )  e x c i t e d  
s t a t e  and a p e n t a c o o r d i n a t e d  i n t e r m e d i a t e  ( I ) ,  a r e  
p o s t u l a t e d  t o  be a s s o c i a t e d  w i t h  t h e  o b s e r v e d  
p h o t o s u b s t i t u t i o n  r e a c t i o n s  o f  d i f f e r e n t  p o l y p y r i d i n e  
r u t h e n i u m ( I I )  c o m p le x e s ,  t h e y  h a v e  n o t  been  d i r e c t l y  
o b s e r v e d .  L i t t l e  i s  known a b o u t  t h e  k i n e t i c s  o f  t h e  
p r o c e s s e s  t h a t  o r i g i n a t e  f ro m  t h e  LF e x c i t e d  s t a t e  o r  
t h e  p e n t a c o o r d i n a t e  i n t e r m e d i a t e .  Some p e r t i n e n t  
q u e s t i o n s  t h a t  s h o u ld  b e  a d d re s s e d  a r e  :
a )  A re  t h e  3 MLCT and LF e x c i t e d  s t a t e s  i n  
t h e r m a l  e q u i l i b r i u m ,  o r  i s  t h e r e  some u n d e n ia b le  
e x p e r i m e n t a l  e v i d e n c e  t h a t  s u g g e s t s  t h a t  t h e  
p h o t o p h y s i c a l  p r o c e s s e s  f o l l o w  w e l l  d e f i n e d  p a t h s ?
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b) I-f t h e  t h e r m a l  e q u i l i b r i u m  b e tw e e n  t h o s e  
tw o  e x c i t e d  s t a t e s  c a n n o t  be r u l e d  o u t ,  w h a t  a r e  t h e  
k i n e t i c  p a r a m e t e r s  f o r  b o th  t h e  f o r w a r d  and t h e  r e v e r s e  
r e a c t i o n s  ?
c )  What a r e  t h e  d e c a y  p r o c e s s e s  a v a i l a b l e  t o  
t h e  LF e x c i t e d  s t a t e  and w h a t  a r e  t h e i r  a s s o c i a t e d  
k i n e t i c  p a r a m e t e r s  ?
d) What a r e  t h e  k i n e t i c  p a r a m e t e r s  a s s o c i a t e d  
w i t h  a  p o s s i b l e  p e n t a c o o r d i n a t e d  i n t e r m e d i a t e  and  t h e  
p r o c e s s  o f  c h e l a t e  r i n g  r e f o r m a t i o n  ?
e )  How do t h e s e  p a r a m e t e r s  d ep end  upon t h e
s i z e  and a r o m a t i c i t y  o f  t h e  c h e l a t e  r i n g  t h a t  i s
assumed t o  be i n v o l v e d  i n  t h e  p h o t o s u b s t i t u t i o n  
p r o c e s s ?
f )  I s  t h e  p h o t o s u b s t i t u t i o n  quantum  y i e l d  
d i c t a t e d  p r i m a r i l y  b y  t h e  d y n a m ic s  o f  t h e  LF o r  by  t h a t  
o f  t h e  p e n t a c o o r d i n a t e d  i n t e r m e d i a t e  ? O b t a i n i n g  
d e f i n i t i v e  a n s w e rs  t o  a l l  t h e s e  q u e s t i o n s  w o u ld  be  a  
v e r y  a m b i t i o u s ,  lo n g  -  r a n g e  g o a l .
T he  r e a l  g o a l s  o f  t h i s  r e s e a r c h  a r e ,  i n
c o m p a r is o n  t o  t h e  g e n e r a l  g o a l ,  much m ore m o d e s t .  I n  
o r d e r  t o  g a i n  f u r t h e r  i n s i g h t  i n t o  t h e  p h o t o p h y s i c a l
and p h o to c h e m ic a l  p r o c e s s e s  o f  p o l y p y r i d i n e
r u t h e n i u m <I I ) c o m p le x e s ,  and t o  c o l l e c t  new d a t a  t o  be
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used  i n  - f u t u r e  c o m p le m e n ta r y  s t u d i e s ,  r e i n v e s t i g a t i o n  
o-f t h e  p h o t o p h y s i c a l  and p h o to c h e m ic a l  b e h a v i o r  o f  some 
s y s te m s  Mas c a r r i e d  o u t .  The  b e h a v i o r  o f  t h e s e  s y s te m s  
had been r e p o r t e d  t o  b e  d i f f e r e n t  f ro m  t h a t  p r e d i c t e d  by  
c o n s i d e r a t i o n  o f  t h e  g e n e r a l l y  a c c e p t e d  m o d e ls  t h a t  a r e  
used  t o  r a t i o n a l i z e  p h o t o p h y s i c a l  p r o c e s s e s  o f  
p o l y p y r i d i n e  r u t h e n i u m ( I I > c o m p le x e s .  T h i s
r e i n v e s t i g a t i o n  was an i m p o r t a n t  s t e p  t h a t  c o u ld  n o t  be  
o v e r l o o k e d ,  b e c a u s e  a n y  u n d e r s t a n d i n g  o f  t h e  o b s e r v e d  
p h o to c h e m ic a l  b e h a v i o r  d e p e n d s  p r i m a r i l y  on a  c o r r e c t  
u n d e r s t a n d i n g  o f  t h e  p h o t o p h y s i c s .
T h u s ,  i n  t h e  p r e s e n t  w o rk  t h e  q u e n c h in g s  o f  
b o th  t h e  lu m in e s c e n t  l i f e t i m e s ,  and t h e
p h o t o s u b s t i t u t i o n  r e a c t i o n s  o f  C R u ( b ip y ) 3 3'*'3  u n d e r  
d i f f e r e n t  c o n d i t i o n s  w e re  s t u d i e d  i n  o r d e r  t o  d e t e r m in e  
t h e  r e l a t i o n s h i p  b e tw e e n  t h e  3 MLCT and LF e x c i t e d  
s t a t e s ,  t h e  p o p u l a t i o n s  o f  w h ic h  a r e  g e n e r a l l y  assumed  
t o  be  t h e r m a l l y  e q u i l i b r a t e d .  I n  a d d i t i o n ,  t h e  
t e m p e r a t u r e  d e p e n d e n c e  o f  t h e  e m is s io n  i n t e n s i t i e s  and  
l u m in e s c e n t  l i f e t i m e s  o f  t h e  c o m p le x e s
C R u ( b ip y ) 3 3 * z , C R u ( b ip y ) 2 ( p y ) z D - 3 , and
CRu ( b ip y )  s» ( d i  a z ) I * 35 w e re  e v a l u a t e d .  The  g o a l  o f  t h e  
t e m p e r a t u r e  d e p e n d e n c e  s t u d i e s  was t o  d e t e r m in e  t h e  
v a l u e s  o f  A E  b e tw e e n  t h e  3 MLCT and LF e x c i t e d
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s t a t e s .  I t  was hoped t h a t  t h e  A E  v a l u e s  c o u ld  be  
r a t i o n a l i z e d  by u s e  o-f t h e  i d e a s  a s s o c i a t e d  w i t h  l i g a n d  
f i e l d  t h e o r y .
A q u a l i t a t i v e  d e t e r m i n a t i o n  o f  t h e  e f f e c t  o f  
s o l v e n t s ,  w i t h  d i f f e r e n t  d i e l e c t r i c  c o n s t a n t s ,  and  
w h ic h  t h e r e f o r e  s u p p o r t  d i s t i n c t  d e g r e e s  o f  io n  -  
p a i r i n g  a s s o c i a t i o n ,  on t h e  o b s e r v e d  quantum  y i e l d s  was  
ju d g e d  t o  be  n e c e s s a r y .  T h u s ,  p h o t o s u b s t i t u t i o n  quantum  
y i e l d s  o f  t h e  co m p lex  E R u ( b i p y ) =. ( p y ) i n
d i f f e r e n t  d io x a n e  -  w a t e r  m i x t u r e s  w e re  d e t e r m in e d .
S e v e r a l  new p o l y p y r i d i n e  l i g a n d s  t h a t  h a v e  tw o  
p y r i d i n e  r i n g s  l i n k e d  b y  m e t h y le n e  b r i d g e s  o f  d i f f e r e n t  
l e n g t h s  w e re  s y n t h e s i z e d ,  and t h e  c o r r e s p o n d in g
ERu ( b i p y ) z L l - 32 c o m p le x e s  w e r e  p r e p a r e d .  The
p h o t o p h y s i c a l  and  p h o to c h e m ic a l  p r o p e r t i e s  o f  t h e s e  
c o m p le x e s  w e re  t h e n  e x a m in e d .  I n v e s t i g a t i o n  o f  t h e  
p h o t o e x t r u s i o n  p r o c e s s e s  s h o u ld  p r o v i d e  v a l u a b l e
i n f o r m a t i o n  a b o u t  t h e  d y n a m ic s  o f  r e c l o s u r e  o f  t h e  
c h e l a t i n g  r i n g .  T h e  p h o t o s u b s t i t u t i o n  quantum  y i e l d  i s  
d e t e r m in e d  by  t h e  c o m p e t i t i o n  b e tw e e n  t h e  r e c l o s u r e  o f  
t h e  p e n t a c o o r d i n a t e  i n t e r m e d i a t e  and an e f f e c t i v e  
p r o c e s s  o f  c h e l a t i o n  o f  a  new e n t e r i n g  l i g a n d  .
As t h e  r i n g  s i z e  i n c r e a s e s ,  t h e  e f f i c i e n c y  o f  
r i n g  r e c l o s u r e  i s  p r e d i c t e d  t o  d e c r e a s e  and  t h e
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b e h a v i o r  o f  t h e  p e n t a c o o r d i n a t e d  i n t e r m e d i a t e  i s  
e x p e c t e d  t o  c o n v e r g e  t o  t h a t  o f  t h e  co m p lex
CRu ( b i p y )  ^ (p y )  s ] " -2 . T h i s  s t u d y  s h o u ld  p e r m i t  t h e  
sem i q u a n t i t a t i v e  e v a l u a t i o n  o f  t h e  i m p o r t a n c e  o f  r i n g  
c l o s u r e  i n  t h e  o b s e r v e d  p h o to c h e m ic a l  b e h a v i o r  o f  
p o l y p y r i d i n e  r u t h e n i u m ( I I ) c o m p le x e s  i n  d i f f e r e n t  
s o l v e n t s .
C o m p le x e s  o f  t h e  t y p e ,  CRu < b ip y > z L D * 3 w e re  
p r e p a r e d  i n  w h ic h  L r e p r e s e n t s  l i g a n d s  t h a t  h a v e  tw o  
a m in e  g r o u p s  l i n k e d  b y  m e t h y le n e  b r i d g e s  o f  d i f f e r e n t  
l e n g t h s .  A g a in ,  t h e  p h o t o p h y s i c a l  and p h o to c h e m ic a l
p r o p e r t i e s  o f  t h e  c o m p le x e s  i n  d i f f e r e n t  s o l v e n t s  w e re  
e x a m in e d .  A l th o u g h  d i f f e r e n t  r i n g  s i z e s  a r e  a g a in  
i n v o l v e d  i n  t h e  p h o t o s u b s t i t u t i o n  p r o c e s s e s ,  a  new
e f f e c t  c a n  be e x p e c t e d  b e c a u s e  i n  t h i s  l a s t  s e r i e s ,
a r o m a t i c  r i n g s  a r e  n o t  i n v o l v e d  and i n t e r a c t i o n  w i t h  
t h e  r u t h e n iu m  i s  v e r y  d i f f e r e n t .  T h e r e f o r e ,  i t  s h o u ld  
be  p o s s i b l e  t o  s t u d y  t h e  e f f e c t  t h a t  t h i s  k i n d  o f  
l i g a n d  r e p la c e m e n t  h a s  i n  t h e  p o l y p y r i d i n e  
r u t h e n i u m ( I I )  c o m p le x e s ,  and t o  i n f e r  t h e  a l t e r a t i o n  o f  
t h e  p h o t o s u b s t i t u t i o n  p r o c e s s e s  when t h e  p r o p e r t i e s  o f  
t h e  e x c i t e d  s t a t e s  a r e  m o d i f i e d  i n  t h i s  w ay.
T h e  c a t a l y t i c  e f f e c t  o f  A g *  on t h e
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p h o t o s u b s t i t u t i o n  quantum  y i e l d  o f  t h e  co m p lex  
CRu ( b i p y )  z  (e n )  was a l s o  s t u d i e d .  A d d i t i o n a l l y ,
t h e  t e m p e r a t u r e  d e p e n d e n c e  o f  t h e  p h o t o s u b s t i t u t i o n  
quantum  y i e l d s  o f  t h e  c o m p le x e s  C R u ( b i p y ) z < e n ) I * *  
and CRu < b i p y >z < t n ) w a s  i n v e s t i g a t e d .
CHAPTER I I .  EXPERIMENTAL
A. MATERIALS.
U n le s s  n o t e d ,  r e a g e n t  g r a d e  c h e m ic a ls  w e re  n o t  
s u b j e c t e d  t o  f u r t h e r  p u r i f i c a t i o n . T h e  p r e p a r a t i o n s  o f  
t h e  r e a g e n t s  e m p lo yed  i n  t h i s  w ork  o r  t h e i r  s o u r c e s  a r e  
s u m m a riz e d  b e lo w .
1 . S o l v e n t s .
A c e t i c  a c i d ,  a c e t o n e ,  a c e t o n i t r i l e ,  b e n z e n e ,  
c h l o r o f o r m ,  c y c lo h e x a n e ,  d i c h l o r o m e t h a n e ,  d i e t h y l e t h e r , 
d im e t h y l f o r m a m id e ,  d i m e t h y l s u l f o x i d e ,  e t h a n o l ,
e t h y l  a c e t a t e ,  m e t h a n o l ,  and p a r a  -  d io x a n e  w e re  
p u r i f i e d  by  s t a n d a r d  p r o c e d u r e s '33 and w e re  s t o r e d  
u n d e r  N= i n  am ber b o t t l e s .
M a te r  was d i s t i l l e d  t h r e e  t i m e s  f ro m  a l k a l i n e  
p o t a s s iu m  p e rm a n g a n a te  i n  an a l l  -  g l a s s  a p p a r a t u s .
2 .  I n o r g a n i c  R e a g e n ts .
T e t r a  -  N -  b u t y l  ammonium c h l o r i d e  and t e t r a  
-  N b u t y l  ammonium p e r c h l o r a t e  w e re  p u r c h a s e d  f ro m
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A l d r i c h ,  p u r i f i e d  b y  c r y s t a l l i z a t i o n  -from e t h a n o l ,  and  
d r i e d  i n  vacuum a t  a m b ie n t  t e m p e r a t u r e .
P o ta s s iu m  p e r s u l f a t e ,  l i t h i u m  c h l o r i d e ,  and  
p o ta s s iu m  p e rm a n g a n a te  ( r e a g e n t  g r a d e )  M ere  p u rc h a s e d  
f ro m  J .  T .  B a k e r  C h e m ic a l  Co. and w e re  n o t  f u r t h e r  
p u r i f i e d .
S i l v e r  n i t r a t e  and p o ta s s iu m  c a r b o n a t e  
(a n h y d ro u s )  w e re  p u r c h a s e d  f ro m  l i a l 1 i n c k r o d t  C h e m ic a l  
W orks and w e re  n o t  f u r t h e r  p u r i f i e d .
T e t r a  -  N -  bu ty lam m oniurn  b r o m id e ,  t e t r a  -  
e t h y l  ammonium c h l o r i d e ,  ammonium h e x a f l u o r o p h o s p h a t e ,  
and p h o s p h o ro u s  p e n t o x i d e  w e re  a l l  p u rc h a s e d  f ro m  
A l d r i c h  C h e m ic a l  C o . ( r e a g e n t  g r a d e )  and w e re  n o t  
f u r t h e r  p u r i f i e d .
T r i s  -  2 , 2 ’ b i p y r i d y l  r u t h e n iu m  ( I I )
d i c h l o r i d e  h e x a h y d r a t e  was o b t a i n e d  f ro m  S .  F r e d e r i c k  
S m ith  I n c .  and r e c r y s t a l l i z e d  f ro m  a c e t o n e / w a t e r .  
A b s o r p t io n  s p e c t r o s c o p y  : i n  Hz 0 ,  (2 9 8  K ) , X , 
nm (E 0 ) 451  ( 1 4 , 5 0 0 ) ,  3 4 3  ( 6 , 4 0 0 ) ,  2 8 5  ( 8 6 , 0 0 0 ) ;
l i t e r a t u r e  v a l u e s  4 5 2  ( 1 4 , 6 0 0 ) ,  3 4 5  ( 6 , 4 0 0 ) ,  2 8 5
( 8 7 , 0 0 0 )  =*■*. C o r r e c t e d  e m is s io n  s p e c tr u m  : i n  Hz 0 ,
(2 9 8  K ) , X  nm, 6 2 7 ;  l i t e r a t u r e  v a l u e  6 2 8 S5S5. In
EtOH /  MeOH g l a s s  ( 4 : 1 ,  v / v  ) ,  ( 7 7  K ) ,  5 8 1 ,  6 2 8  ;
l i t e r a t u r e  v a l u e s  5 8 4 ,  and  6 3 0  550.
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C i s  -  d i c h l o r o  b i s  -  2 , 2 ' b i p y r i d y l
r u t h e n i u m ( I I )  d i h y d r a t e  : was s y n t h e s i z e d  by  means o f  
t h e  p r o c e d u r e  o f  S u l l i v a n ,  Sa lm on , and M e y e r SSA. 
Based on s t a r t i n g  r u t h e n iu m  a  y i e l d  o f  60% was  
o b t a i n e d .  The same compound had b ee n  p r e v i o u s l y  
p r e p a r e d  i n  a c c o r d  w i t h  t h e  m ethod o f  S p r i n t s c h n i k ,
S p r i n t s c h n i  k ,  K i r s c h  and W h i t t e n ” ^ and lo w e r  y i e l d s  
w e re  o b t a i n e d .  A b s o r p t io n  s p e c t r o s c o p y  : i n  CH3 C1Z ,
(2 9 8  K) , \  , nm (E 0 ) , 5 5 4  ( 9 , 3 0 0 ) ,  381  ( 9 , 3 0 0 )
; l i t e r a t u r e  v a l u e s  5 5 6  ( 9 , 4 0 0 ) ,  3 8 0  ( 9 , 4 0 0 )
3 .  O r g a n ic  R e a g e n ts .
4 -  p i  c o l i n e  was p u r c h a s e d  f ro m  Eastm an
O r g a n ic  C h e m ic a ls  and was n o t  f u r t h e r  p u r i f i e d .
A z a f l u o r e n e ,  e t h y l e n d i a m i n e ,  1 , 3  -
d ia m in o p r o p a n e ,  h y d r a z i n e  h y d r a t e  (8 5 % ) ,  1 ,1  d im e t h y l  
4 , 4 ’ b i p y r i d i n i u m d i c h l o r i d e  , d i  (2  -  p y r i d y l ) k e t o n e ,
and 2  -  p y r i d i n e  c a r b o x a ld e h y d e  w e r e  a l l  r e a g e n t  g r a d e
c h e m i c a l s ,  o b t a i n e d  f ro m  A l d r i c h ,  and w e re  n o t  f u r t h e r  
p u r i f i e d .
A c e t i c  a n h y d r id e  ( A l d r i c h )  was p u r i f i e d  by
f r a c t i o n a l  d i s t i l l a t i o n ,  b . p . , 1 3 8  -  141 °C ; l i t e r a t u r e
b . p .  1 3 9 °C
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P y r i d i n e  was p u r c h a s e d  f r o m  B a k e r  and  was 
d i s t i l l e d  p r i o r  t o  u s e 55®, b . p . ,  1 1 5  -  118  °C ;
l i t e r a t u r e  b . p .  1 1 5 . 3  °C = = .
2 , 2 ’ b i p y r i d i n e  was p u r c h a s e d  f ro m  A l d r i c h  
and was r e c r y s t a l l i z e d  f r o m  e t h y l a c e t a t e .  A b s o r p t io n  
s p e c t r o s c o p y  s i n  5 0  */. H^SCU, ( 2 9 8  K ) , nm
(E 0 ) 2 8 8  ( 1 5 , 8 0 0  ) ; 1 i t e r a t u r e  v a l u e  2 8 9
( 1 6 ,  1 0 0 ) ="5’ . I n  0 . 1  M NaOH , ( 2 9 8  K) , X , nm
(E0 ) 2 7 9  ( 1 2 , 5 0 0 )  ; l i t e r a t u r e  v a l u e  2 8 0
( 1 2 ,9 0 0 ) = * ' ' .
1 ,  2 ,  4 ,  5  -  t e t r a c y a n o b e n z e n e  (TCNB) was
o b t a i n e d  f ro m  E a s tm a n  O r g a n ic  C h e m ic a ls  and was
r e c r y s t a l 1 i z e d  f r o m  e t h a n o l AO, m . p . ,  2 5 7  -  2 5 9  °C ;
o
l i t e r a t u r e  m. p .  2 5 8  C m
A n t h r a c e n e  was a l s o  p u r c h a s e d  f r o m  E astm an  and
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p u r i f i e d  b y  r e c r y s t a l  1 i z a t i o n 55*3, m . p . ,  2 1 3  -  2 1 5  C ;
e
l i t e r a t u r e  m .p .  2 1 4  C = ® .
F e r r o c e n e  ( r e a g e n t  g r a d e )  was p u r c h a s e d  f ro m  
B a k e r  and t w i c e  s u b l im e d  =® . A b s o r p t io n  s p e c t r o s c o p y  
: i n  E tO H , ( 2 9 8  K ) , X  m ««, nm (E „ )  2 3 0  ( s h ,  4 , 5 5 0 ) ,
2 61  ( s h ,  2 , 2 0 0 ) ,  3 2 3  ( 6 0 ) ,  4 4 2  ( 1 0 0 ) ,  5 3 0  ( s h ,  8 )  ; 
l i t e r a t u r e  v a l u e s  2 3 0  ( s h ,  4 , 6 0 0 ) ,  2 6 0  ( s h ,  2 , 1 9 0 ) ,  3 2 4
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( 5 4 . 8  ) ,  4 4 0  ( 9 5 . 7 ) ,  5 2 8  ( s h ,  7 .5 )*=*= .
D i (2  -  p y r i d y l )  m e th a n e 6 3  : was p r e p a r e d  by  
a  W o l f f  -  K is h n e r  r e d u c t i o n  o f  d i  -  p y r i d y l  k e t o n e  w i t h  
h y d r a z i n e  and b a s e  i n  a  s t e e l  bomb a t  150  °C  g
c o l o r l e s s  o i l .  t h e  n a t u r e  o f  t h e  p r o d u c t  was
s a t i s f a c t o r i l y  c o n f i r m e d  by  1 H NMR i n  CDC17  db3„
A n a l .  C a lc d  f o r  C n H 10N2 g C, 7 7 ,6 2 7 .  ; H , 5 .9 2 7 .  ;
N , 1 6 .4 6 7 . .  Found : C , 7 7 .5 1 7 .  ; H ,6 .0 3 7 .  ; N, 1 6 .2 8 7 . .
D i (2  ~ p y r i d y l  ) e t h e n e <s>ai g A m i x t u r e  o f  2  -
p y r i d i n e  c a r b o x a ld e h y d e  (5 0  g ) ,  r e d i s t i l l e d  p y r i d i n e
( 1 5 0  m l ) ,  and a c e t i c  a n h y d r i d e  ( 6 0  m l)  was r e f l u x e d  f o r
f o u r  h o u r s .  The v o l a t i l e  u n r e a c t e d  s t a r t i n g  m a t e r i a l s
w e re  rem oved  i n  v a c u o  and t h e  r e s i d u e  was vacuum
d i s t i l l e d ;  t h e  c r u d e  o l e f i n  was o b t a i n e d .
R e c r y s t a l l i z a t i o n  f ro m  b e n z e n e  -  c y c lo h e x a n e  g a v e  t h e
0
c o l o r l e s s ,  c r y s t a l l i n e  o l e f i n  : m .p .  117  -  119  C ;
l i t .  m .p .  118  -  119  °C e>s.
D i (2  — p y r i  d y l ) e t h a n e ^ 3* g was p r e p a r e d  by
t h e  h y d r o g e n a t i o n  o f  t h e  c o r r e s p o n d in g  e t h e n e ^ 55 i n  
a b s o l u t e  e t h a n o l  a t  2 5  °C  o v e r  5  V. P d /C  c a t a l y s t  : 
c o l o r l e s s  o i l .  The  n a t u r e  o f  t h e  p r o d u c t  was 
s a t i s f a c t o r i l y  c o n f i r m e d  b y  ‘ H NMR i n  CDC1.3 <b3.
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A n a l .  C a lc d  f o r  C 13:H 13!NZ : C, 7 8 . 2 3  */. ; H , 6 . 5 6  7.
; N, 1 5 . 2 0  */.. Found C, 7 8 . 1 0  */.; H, 6 . 7 3  */.; N, 1 5 .0 1
4 , 5  d i a z a f l u o r e n e  : was p r e p a r e d  b y  L .  i
H e n d e rs o n  J r .  o f  t h i s  l a b o r a t o r y ' * 7' v i a  a  m o d i f i c a t i o n
o f  t h e  m ethod o f  K lo c  and a l . 45*4* : m . p . ,  171 -  1 73  °C
o
; l i t .  m .p .  172  C ‘s“* .  The  n a t u r e  o f  t h e  p r o d u c t  was  
s a t i s f a c t o r i l y  c o n f i r m e d  b y  *H NMR i n  CD3 CN * 7r.
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B. PREPARATION OF COMPLEXES.
1 .  4 , 5  -  D i a z a f l u o r e n y l  -  b i s  ~ 2 , 2 ’ b i p y r i d y l  
r u t h e n i u m ( 1 1 ) h e x a f l u o r o p h o s p h a t e 4 7 : Mas p r e p a r e d  by  
L .  J .  H e n d e rs o n  J r .  o f  t h i s  l a b o r a t o r y .  C i s  -  
d i c h l o r o b i  s -  2 , 2 ”b i p y r i d y l  r u t h e n i u m ( I I )  d i h y d r a t e
( 0 . 5  g> and 4 , 5  -  d i a z a f l u o r e n e  ( 0 . 2  g ) w e re  r e f l u x e d
i n  3 0  ml o f  e t h a n o l  f o r  4  h o u r s .  The  h o t  s o l u t i o n  was
f i l t e r e d  and ammonium h e x a f l u o r o p h o s p h a t e  (2  g )  was 
a d d e d .  Upon s t a n d i n g  o v e r n i g h t ,  c r y s t a l s  o f  
C R u ( b ip y >= ( d i a z ) 3 C P F^]^  p r e c i p i t a t e d .  T h e s e
c r y s t a l s  w e re  t w i c e  r e c r y s t a l  1 i z e d  f ro m  a c e t o n e  -  w a te r  
and t w i c e  f ro m  e t h a n o l  -  w a t e r .  Y i e l d  : 12%. The n a t u r e  
o f  t h e  p r o d u c t  was s a t i s f a c t o r i l y  c o n f i r m e d  by  1H NMR 
i n  CD3 CN. A n a l . C a lc d .  f o r  C3 i Hz ^.N&Pz F i ;z r u  :
C, 4 2 . 3 9  % ; H, 2 . 7 8  % ; N, 9 . 6 4  7. .F o u n d  : C, 4 3 . 0 9  
H, 2 . 8 9  7. ; N, 9 . 5 9  7..
2 .  c i s  -  B i s p y r i d y l  b i s  -  2 , 2 ' b i p y r i d y l
r u t h e n i u m ( I I )  h e x a f l u o r o p h o s p h a t e  t e t r a h y d r a t e **^:
P y r i d i n e  ( 0 . 2  m l)  was added  t o  a  s o l u t i o n  o f
C R u ( b ip y ) 3 C l z 3 . 2HZ0 ( 0 . 2 5  g ) i n  m e th a n o l  ( 1 0  m l)
and w a t e r  (1 0  m l ) .  The  m i x t u r e  was r e f l u x e d  f o r  2
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h o u r s .  The  b r i g h t  o r a n g e  h o t  s o l u t i o n  was f i l t e r e d ,  and  
ammonium h e x a f l u o r o p h o s p h a t e  was a d d e d .  Upon s t a n d i n g  
o v e r n i g h t ,  c r y s t a l s  o f  CRu ( b i p y )  => ( p y ) [  (PF*,)
fo r m e d .  T h i s  p r o d u c t  was r e c r y s t a l  1 i z e d  f ro m  w a t e r  -
a c e t o n e  m i x t u r e s  t h r e e  t i m e s .  N e x t ,  t h e  p r o d u c t  was  
f u r t h e r  p u r i f i e d  by  co lum n c h r o m a to g r a p h y  (S ep h ad ex  LH 
-  2 0  -  1 0 0 ,  L i p o p h i l i c ,  MeOH e l u e n t ) .  Y i e l d  : 2 2  7..
A b s o r p t i  on s p e c t r o s c o p y  s i n  CH3 C12 , (2 9 8  K ) , A
m~K, nm (E 0 ) 4 6 2  ( 9 , 1 5 0 )  ; l i t e r a t u r e  v a l u e  4 6 0
( 9 , 2 0 c ) ® 1 I n  CH^CN, (2 9 8  K) , A  , nm (E ra) ,
4 5 7  ( 8 , 4 0 0 ) ,  3 3 7  ( 1 5 , 1 0 0 ) ,  2 8 7  ( 4 8 , 5 0 0 ) ,  2 4 0  ( 2 3 , 0 0 0 )  
; l i t e r a t u r e  v a l u e s  4 5 5  ( 8 , 2 0 0 ) ,  3 3 8  ( 1 5 , 9 0 0 ) ,  2 8 9
( 5 0 , 0 0 0 ) ,  2 4 3  ( 2 4 , 0 0 0 ) ^ . The  a b s o r p t i o n  l o c a t e d  a t  
4 7 3  nm ( 8 , 6 0 0 )  f o r  t r a n s  -  C R u ( b i p y ) z ( p y ) w a s  
a b s e n t * ® .
3 .  T r i s  -  2 , 2 * b i p y r i d y l  r u t h e n i u m ( 1 1 )
d i b r o m id e  d i h y d r a t e :  T h i s  com plex  was o b t a i n e d  f r o m  t h e  
a v a i l a b l e  c h l o r i d e  co m p lex  by  io n  e x c h a n g e  (Dowex 1 - X 8 ,  
5 0  - 1 0 0  M e s h ) .  The  c o l l e c t e d  p r o d u c t  was t w i c e  p a s s e d
th r o u g h  f r e s h  e x c h a n g e  r e s i n  c o lu m n s ,  t h e  s o l v e n t  was  
e v a p o r a t e d ,  and t h e  f i n a l  o r a n g e  compound was d r i e d  i n  
v a c u o  a t  a m b ie n t  t e m p e r a t u r e .  Y i e l d  : 9 7 .. A b s o r p t io n  
s p e c t r o s c o p y  s i n  C H ^ C l^ ,  (2 9 8  K ) , A  , nm
<ED ) 4 5 0  ( 1 3 , 3 0 0 ) ,  3 4 7  ( 8 , 5 6 0 ) ,  2 8 5  ( 7 9 , 0 0 0 ) .  I n  DMF,
4 9
( 2 9 8  K ) ,  \ m„ „ ,  nm (E 0 ) , 4 5 3  ( 1 4 , 1 0 0 )  ; l i t e r a t u r e
v a l u e s  4 5 4  ( 1 4 , 6 0 0  ) A' * .
4 .  E t h y l e n e d i a m i n e  b i s  -  2 , 2 '  b i p y r i d y l
r u t h e n i  urn ( 1 1 ) hex a-f l u o r o p h o s p h a t e  d i  h y d r a t e ^ :
C R u ( b ip y ) ^C 12 ] , 2H2 0  ( 0 . 5 0  g )  Mas su s p en d e d  i n  a
1 :1  (b y  v o lu m e )  M a t e r  -  m e th a n o l  s o l u t i o n  (2 0  m l)  o f  
t h e  l i g a n d  e t h y l e n e d i  ami ne  (3  g ) . T h e  m i x t u r e  Mas
h e a t e d  and r e f l u x e d  f o r  2  h o u r s .  The  c o n d e n s e r  Mas
rem oved  and t h e  m e th a n o l  was e v a p o r a t e d  u n d e r  a  s t r e a m
o f  n i t r o g e n .  N e x t  ammonium h e x a f l u o r o p h o s p h a t e  (3  g)  
Mas a d d e d .  The  c r y s t a l s  w h ic h  rmed w e re  c o l l e c t e d  by  
s u c t i o n  f i l t r a t i o n  and d r i e d .  The  deep  r e d  -  brown  
c r y s t a l s  w e re  t h r i c e  r e c r y s t a l 1 i z e d  f ro m  w a t e r .  Y i e l d  : 
31 V. . A m o d i f i c a t i o n  o f  t h i s  p r o c e d u r e  f o r  t h e
p r e p a r a t i o n  o f  C R u ( b ip y ) z ( e n ) 3 CC104 ] 2 r e p o r t s  a  
y i e l d  o f  7 0  % A b s o r p t io n  s p e c t r o s c o p y  : i n
CHsCN, (2 9 8  K ) , L . k , nm (E 0 ) 4 8 7  ( 9 , 8 0 0 ) ,  3 4 3
( 7 , 6 5 0 ) ,  2 9 5  ( 5 8 , 6 0 0 ) ,  2 4 2  ( 2 0 , 1 0 0 )  ; l i t e r a t u r e  v a l u e s
4 8 5  ( 9 , 9 0 0 ) ,  3 4 4  ( 7 , 6 0 0 ) ,  291  ( 6 0 , 0 0 0 ) ,  2 4 3
( 2 1 , 0 0 0 ) ':ro. C o r r e c t e d  e m is s io n  s p e c t r u m  : i n  EtOH /
MeOH g l a s s  ( 4 : 1 ,  v / v ) , ( 7 7  K ) , ^ . m 6 6 8  ; l i t e r a t u r e
v a l u e  6 6 0  7' 1 .
5 .  1 , 3  - p r o p y le n e d ia m in e  b i s  -  2 , 2 ' b i p y r i d y l
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r u t h e n i u m ( 1 1 ) h e x a f l u o r o p h o s p h a t e  d i h y d r a t e :  T h i s
com plex  was p r e p a r e d  b y  means o f  t h e  m ethod d e s c r ib e d  
a b o v e .  In  t h i s  c a s e ,  t h e  m i x t u r e  o f  1 , 3  -
d ia m i  n o p ro p a n e  <3 g )  and C R u ( b ip y ) ZC1Z D. 2HZ0 
( 0 . 5  g )  i n  t h e  l s l  (b y  v o lu m e )  w a t e r  -  m e th a n o l  
s o l u t i o n  (2 0  m l)  was r e f l u x e d  f o r  24  h o u r s ,  t h e  s o l v e n t  
was e v a p o r a t e d ,  and t h e  d a r k  s o l i d  was r e c r y s t a l l i z e d  
t h r e e  t im e s  f r o m  a c e t o n e  -  w a t e r .  Y i e l d  s 14 7.
A b s o r p t io n  s p e c t r o s c o p y  : i n  CH^CIM, ( 2 9 8  K) , \  ,
nm (E 0 ) 4 9 0  ( 8 , 9 1 0 ) ,  3 5 0  ( 6 , 7 0 0 ) ,  2 9 3  ( 5 3 , 0 0 0 ) ,  2 4 5
( 1 8 , 1 0 0 )  ; l i t e r a t u r e  v a l u e s  4 9 2  ( 8 , 5 0 0 ) ,  3 4 8
( 6 , 6 0 0 ) ,  2 9 2  ( 5 2 , 0 0 0 ) ,  2 4 4  ( 1 8 , 0 0 0 ) ^ ° .  C o r r e c t e d
e m is s io n  s p e c t r u m  i n  EtOH /  MeOH g l a s s  ( 4 : 1 ,  v / v ) , (7 7
K ) , A  6 7 5 .
6 . b i s  4 -  p i c o l i n e  b i s  -  2 , 2 * b y p i r i d y l
r u t h e n i u m ( I I )  h e x a f l u o r o p h o s p h a t e  d i h y d r a t e :  4  -
P i c o l i n e  ( 0 . 5  m l)  was m ix e d  w i t h  C R u ( b ip y ) z C l 3 3 .
2HZ0 ( 0 . 5 0  g ) i n  a  1:1  w a t e r  ~ m e th a n o l  s o l u t i o n  (20  
m l ) .  T h i s  m i x t u r e  was r e f l u x e d  f o r  4  h o u r s .  A f t e r  
f i l t r a t i o n ,  ammonium h e x a f l u o r o p h o s p h a t e  was a d d e d .  
Upon s t a n d i n g  o v e r n i g h t  c r y s t a l s  o f
C R u ( b ip y ) z ( p i c ) z 3C (PF<b) z 3 fo r m e d .  T h i s  p r o d u c t
was r e c r y s t a l l i z e d  f r o m  w a t e r  -  a c e t o n e  m i x t u r e s  and
t h e n  was f u r t h e r  p u r i f i e d  by co lum n c h r o m a to g r a p h y ,  i n
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w h ic h  Sephadex  LH -  2 0  -  1 0 0 ,  and MeOH a s  e l u e n t  w e re  
u s e d .  Y i e l d  : 17 V. .  A n a l .  C a lc d  -for
C3 ZH3 * N <:,a =.p=2F l=»Ru : C , 4 1 . 5 2  7. H , 3 . 7 0  7.;
N, 9 . 0 8  7.. Found : C , 4 0 . 9  7. ; H , 3 . 6  7. ; 1 4 ,1 0 .4  7..
7 . 1 , 2  -  d i (2  -  p y r i d y l )  e t h a n e  b i s  -
2 , 2 ’ b i p y r i d y l  r u t h e n i u m ( I I ) h e x a f l u o r o p h o s p h a t e
h e x a h y d r a t e  : T h i s  compound was p r e p a r e d  f r o m  a
s o l u t i o n  o f  c i s  -  d i c h l o r o b i s  -  2 , 2 * b y p i r i d y l
r u t h e n i u m ( I I ) d i h y d r a t e  ( 0 . 5  g )  i n  a  1 : 1  (b y  v o lu m e )
w a t e r  -  m e th a n o l  m i x t u r e  (20  m l)  and d i p y r i d y l e t h a n e  (1
g ,  10 V. e x c e s s )  b y  t h e  g e n e r a l  p r o c e d u r e  g i v e n  a b o v e ;  
t h e  m i x t u r e  was r e f l u x e d  f o r  2  h o u r s .  Y i e l d  : 3 7
A n a l .  C a lc d  f o r  C3 z Ha 2 N&0 (!>P2F 12Ru : C, 3 8 . 5 2
7. ; H, 4 . 2 1  7. ; N, 8 . 4 3  7 . .F ou nd: C , 3 7 . 6 2  7. ; H ,3 .B 9 7 .  ;
N , 8 . 9 7  7. .
8 . d i (2  -  p y r i d y l )  m e th a n e  b i s  -  2 , 2 Tb i p y r i d y l  
r u t h e n iu m ( I I )  h e x a f l u o r o p h o s p h a t e  h e x a h y d r a t e : A f r e s h l y  
p r e r a r e d  s o l u t i o n  o f  c i s  -  d i c h l o r o b i s  — 2 , 2 ' b i p y r i d y l  
r u t h e n iu m  ( I I )  d i h y d r a t e  ( 0 . 5  g )  i n  1 :1  (b y  v o lu m e )  
w a t e r  -  m e th a n o l  m i x t u r e  (20  m l)  was r e a c t e d  w i t h  t h e  
l i g a n d  d i p y r i d y l m e t h a n e  (1 g ,  107  e x c e s s )  by  means o f  
t h e  g e n e r a l  p r o c e d u r e  g i v e n  a b o v e .  In  t h i s  c a s e  i t  was 
n e c c e s a r y  t o  r e f l u x  t h e  m i x t u r e  f o r  t h r e e  d a y s .  A n a l .
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C a lc d .  f o r  C3 iH ^ oNe,0<ip :zF 12Ru : C , 3 7 . 8 4  7.
; H , 4 . 0 7  7. ; N, 8 . 5 4  7.. Found s C , 3 8 . 6 1  7. ; H , 4 . 2 2  7. ;N ,
8 . 8 7  7..
9 .  Aquo 4  -  p i c o l i n e  b i s ( 2 , 2 ’ b y p y r i d y l )
r u t h e n i u m ( I I ) h e x a f l u o r o p h o s p h a te _________ d i h y d r a t e
s C R u ( b i p y ) z ( p i c ) z D * 3 ( 0 . 5  g ) i n  w a t e r  (20  m l)  was  
h e a t e d  on a  w a t e r  -  b a t h  f o r  1 h o u r .  The  s o l u t i o n  
g r a d u a l l y  becam e b ro w n . On a d d in g  ammonium 
h e x a f l u o r o p h o s p h a t e ,  d a r k  brow n c r y s t a l s  o f  t h e  
p r o d u c t  d e p o s i t e d .  T h e s e  w e re  r e c r y s t a l l i z e d  f ro m  
e t h a n o l / e t h e r  m i x t u r e ,  and a i r  d r i e d .  A n a l .  C a lc d  f o r
C z^ H z^ N sO ^ p ^ F izR u  : C , 3 6 . 7 0  7. ; H , 3 . 4 0  7.;
N, 8 . 2 0  7.. Found : C , 3 7 . 1 3  7. ; H , 2 .9 1 7 .  ;N  B .4 2  7..
1 0 .  C h lo r o  4  -  p i c o l i n e  b i s ( 2 , 2 Jb i p y r i d y l )  
r u t h e n i u m ( I I ) h e x a f l u o r o p h o s p h a t e  d i h y d r a t e  :
C CRu ( b i p y )  z  ( p i c )  ( 0 . 2  g )  i n  w a t e r  (10  m l)  was
h e a t e d  u n d e r  r e f l u x  f o r  15  m in i n  t h e  p r e s e n c e  o f  e x c e s s  
L i  C l .  T h e  p r o d u c t  c r y s t a l l i z e d  a f t e r  ammonium 
h e x a f l u o r o p h o s p h a t e  was added  and t h e  s o l u t i o n  was  
c o o le d .  I t  was w ashed w i t h  c o l d  w a t e r  and  
r e c r y s t a l 1 i z e d  f ro m  e t h a n o l / e t h e r . A n a l .  C a lc d  f o r
Cz c Hzt -N-sO^P-jF i z C lR u  : C , 3 6 . 0 1  7. ; H , 3 . 1 2  7.;
N, 8 . 0 8  7.. Found s C , 3 5 . 6  7. ; H , 3 . 1 7  7. ;N  8 . 1 2  7..
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A s h e m a t ic  r e p r e s e n t a t i o n  o f  t h e  p r e p a r e d  
c o m p le x e s  i s  g i v e n  i n  F i g u r e s  12 and  13 .
N o te  : C o m p le x e s  o f  t h e  t y p e
CM ( b i p y )  z L s ] - * 2 , b o t h  f o r  Ru and f o r  o t h e r
m e t a l s ,  h a v e  been w i d e l y  a c c e p t e d  t o  e x i s t  o n l y  i n  t h e
c i s  g e o m e t r y .  T h i s  n o t i o n  h a s  been  r a t i o n a l i z e d  by
c o n s i d e r i n g  t h e  s e v e r e  s t e r i c  c r o w d in g  w h ic h  e x i s t s  
b e tw e e n  t h e  h y d ro g e n  a to m s  a t  t h e  p o s i t i o n s  i n  t h e  
b i p y r i d i n e  r i n g s  when t h e  g e o m e tr y  i s  t r a n s 135'5'.
K r a u s e  r e p o r t e d * 0  t h e  s y n t h e s i s  o f  t r a n s  -
C R u ( b ip y ) 2 ( p y ) s ] - 2 and a s e r i e s  o f  r e l a t e d  
c o m p le x e s .  H o w e v e r ,  t h e  p ro p o s e d  t r a n s  -  s t r u c t u r e s  
h a v e  n o t  been  c o n f i r m e d  c r y s t a l l o g r a p h i c a l l y  and t h e
s p e c t r a l  e v id e n c e  h a s  n o t  been  c o n d id e r e d
c o n v i n c i n g 13**. M e y e r  and co  -  w o r k e r s  r e p o r t e d  a
n o v e l  and s u r p r i s i n g  r e s u l t  i n  t h e  p h o t o c h e m is t r y  o f
c i s  -  C R u ( b ip y ) z (H= 0 ) z ] * z  i n  a c i d i c  aq u eo u s  
s o l u t i o n s :  a c i s  =, t r a n s  p h o t o i s o m e r i z a t i o n  was
o b s e r v e d  and t h e  t r a n s  s t e r e o c h e m i s t r y  was c o n f i r m e d  by  























F i g u r e  1 2 .  S c h e m a t ic  r e p r e s e n t a t i o n  o-f c o m p le x e s  (a )  
C R u ( b ip y ) 3 ( d i a z ) 3 * 3 , (b )  C R u ( b ip y ) 3 ( p y ) ( c )
C R u ( b i p y ) ( d )  C R u ( b ip y ) z ( e n ) 3^=% ( e )
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F i g u r e  1 3 .  S c h e m a t ic  r e p r e s e n t a t i o n  o f  c o m p le x e s  ( f )  
C R u ( b ip y ) = ( p i c ) 2 ] * = ,  (g )  C R u ( b ip y ) 2D P E 3 -S , (h )
C R u ( b ip y ) 2D P M 3*= , ( i )  C R u ( b ip y ) 2 ( p ic ) (H = 0 )D ~ = %  ( j )
C R u ( b ip y ) = ( p i c ) ( C l ) ] + I .
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C. EXPERIMENTAL PROCEDURES, TECHNIQUES, AND 
PHYSICAL MEASUREMENTS.
M e l t i n g  p o i n t s  w e re  d e t e r m in e d  by  means o f  a  
M el -  Temp m e l t i n g  p o i n t  a p p a r a t u s  and w e re  
u n c o r r e c t e d .
C a rb o n ,  h y d r o g e n ,  and  n i t r o g e n  a n a l y s e s  w e re  
c a r r i e d  o u t  by  e i t h e r  G a l b r a i t h  L a b o r a t o r i e s ,  
K n o x v i l l e ,  T e n n e s s e e  o r  by  M ic r o  -  A n a l C o . ,  T u c s o n ,  
A r i z o n a .
The *H NMR s p e c t r a  w e re  r e c o r d e d  by  means o f  
e i t h e r  a  B r u k e r  WP 2 0 0  o r  a V a r i a n  A s s o c i a t e s  60  A 
s p e c t r o m e t e r , o p e r a t i n g  a t  3 0 0  K. S p e c t r a  o f  t h e  
com pounds d i s s o l v e d  i n  e i t h e r  d e u t e r a t e d  a c e t o n i t r i l e  -  
d3 , o r  d e u t e r a t e d  c h l o r o f o r m  -  d i ,  w e re  o b t a i n e d ;  
t h e  c h o ic e  o f  s o l v e n t  d ep en d ed  on s o l u b i l i t y  
c o n s i d e r a t i o n s .  T e t r a m e t h y l s i  1a n e  was used  a s  t h e  
i n t e r n a l  s t a n d a r d .
U l t r a v i o l e t  -  v i s i b l e  a b s o r p t i o n  s p e c t r a  w e re  
r e c o r d e d  by  means o f  a  C a r y  M odel 14 S p e c t r o p h o t o m e t e r . 
M o la r  a b s o r p t i o n  c o e f f i c i e n t s  w e re  o b t a i n e d  f ro m  
a b s o r b a n c e  m e a s u re m e n ts  o f  a t  l e a s t  t h r e e  s o l u t i o n s  o f
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d i f f e r e n t  c o n c e n t r a t i o n s .  C o lem an m a tc h e d  q u a r t z  1 . 0 0  
cm c e l l s  M ere  u s e d .
When p h o t o s u b s t i t u t i o n  r e a c t i o n s  w e re
s p e c t r a l l y  m o n i to r e d  a t  v a r i o u s  t e m p e r a t u r e s ,  a  l o c a l l y  
c o n s t r u c t e d  c e l l  h o l d e r  -  i n  w h ic h  t h e  s a m p le  c o u ld  be  
s t i r r e d ,  t h e  t e m p e r a t u r e  c o u ld  b e  c o n t r o l l e d ,  and r i g h t  
a n g le  i r r a d i a t i o n  was p o s s i b l e  -  was u s e d .  The s a m p le  
t e m p e r a t u r e  was m a i n t a in e d  t o  ±  0 . 5  by  c i r c u l a t i n g  a
w a t e r / e t h y l e n e  g l y c o l  m i x t u r e  t h r o u g h  t h e  c e l l  h o l d e r .  
A c o p p e r /c o n s t a n t a n  t h e r m o c o u p le  was u se d  f o r  
t e m p e r a t u r e  d e t e r m i n a t i o n s ;  i c e / w a t e r  was t h e  
r e f e r e n c e .  An Omega D i g i t a l  T e m p e r a tu r e  C o n t r o l l e r ,  
M odel 4 0 0 2  , was used  f o r  t e m p e r a t u r e  m o n i t o r i n g .
The m o d i f i e d  C a ry  14 was used  t o  m o n i t o r  a l l  
t h e  p h o t o l y s i s  e x p e r im e n t s  ; t h e  m o d i f i c a t i o n  p e r m i t t e d  
e x c i t a t i o n  a t  r i g h t  a n g le s  t o  t h e  a b s o r p t i o n  beam. 
U s u a l l y ,  s o l u t i o n s  c o n t a i n i n g  r u t h e n i u m ( I I )  c o m p le x e s  
w i t h  o r  w i t h o u t  q u e n c h e r  w e re  e x c i t e d  a t  o r  c l o s e  t o  
t h e  a b s o r p t i o n  maximum o f  t h e  c o m p le x .  The a b s o r p t i o n  
s p e c t r a  o f  t h e  s o l u t i o n s  c o n t a i n i n g  t h e  co m p lex  and  
v a r i o u s  am oun ts  o f  q u e n c h e r s  w e re  e q u a l ,  w i t h i n  
e x p e r i m e n t a l  e r r o r ,  t o  t h e  co m b in ed  s p e c t r a  o f  t h e  
c o m p lex  and q u e n c h e r .
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T y p i c a l l y ,  s a m p le s  ( 3 . 0  m l)  o-f t h e  s o l v e n t ,  
h a v in g  t h e  d e s i r e d  c o n c e n t r a t i o n  o-f s a l t ,  w e re  d e g a s s e d  
b y  A r  b u b b l i n g  (2 0  m in )  w h i l e  t h e  c u v e t t e  was k e p t  i n  a  
b a t h  o-f i c e / w a t e r  i n  o r d e r  t o  m in im i z e  l o s s e s  o f  
s o l v e n t  by  e v a p o r a t i o n .  J u s t  p r i o r  t o  t h e  e x p e r i m e n t ,  
t h e  co m p lex  u n d e r  s t u d y  ( c o n c e n t r a t e d  s t o c k  s o l u t i o n  i n  
c o n v e n i e n t  s o l v e n t )  was added  by  means o f  a  
m i c r o s y r i n g e . S i m i l a r l y ,  when t h e  e f f e c t  o f  d i f f e r e n t  
q u e n c h e r s  on t h e  e f f i c i e n c y  o f  p h o t o s u b s t i t u t i o n  was  
s t u d i e d ,  t h e  d e s i r e d  am oun ts  o f  q u e n c h e r  w e re  a d d e d .  
C a r e  was e x e r c i s e d  i n  o r d e r  t o  p r e v e n t  t h e  i n t r o d u c t i o n  
o f  o xy g en  and  t o  m a i n t a i n  t h e  s a m p le  i n  t h e  d a r k  a s  
much a s  p o s s i b l e .
When t h e  q u e n c h in g  o f  e m is s io n  and  
p h o t o s u b s t i t u t i o n  by  o x y g e n  w e re  s t u d i e d ,  t h e  s o l v e n t s  
u sed  i n  t h e  p r e p a r a t i o n  o f  t h e  s a m p le s  w e re  d e g a s s e d  by  
means o f  s e v e r a l  f r e e z e / p u m p / t h a w  c y c l e s  and t h e n  w e re  
e q u i l i b r a t e d  a t  t h e  d e s i r e d  Dz  p r e s s u r e .  A f t e r  
e q u i l i b r a t i o n  f o r  a t  l e a s t  1 h o u r ,  t h e  s o l v e n t  was  
d r a i n e d  i n t o  a  c u v e t t e  t h a t  c o n t a i n e d  t h e  a p p r o p i a t e  
am ount o f  s o l i d  com plex  ( t h e  p r o p e r  v o lu m e  o f  t h e  s t o c k  
s o l u t i o n  o f  t h e  co m p lex  was p r e v i o u s l y  d i s c h a r g e d  f ro m  
a m i c r o s y r i n g e  and t h e  s o l v e n t  was e v a p o r a t e d  by  
e x p o s u r e  t o  a  s t r e a m  o f  A r ) .  The  s a m p le  was t h e n
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s e a l e d .  A f t e r  s e a l i n g ,  t h e  e m is s io n  i n t e n s i t y  and
l i f e t i m e  w e re  e v a l u a t e d  ; f i n a l l y ,  t h e  p h o t o s u b s t i t u t i o n  
quantum  y i e l d  was d e t e r m in e d .
T h e  e x c i t a t i o n  s o u r c e  f o r  t h e  p h o t o l y s i s
e x p e r im e n t s  was a  150  W X e /H g  lam p f r o m  S h o e f f e l
In s t r u m e n t s  C o r p .a n d  t h e  d e s i r e d  band was i s o l a t e d  by  
means o f  C o r n in g  g l a s s  f i l t e r s .  In  some c a s e s ,  an
i n t e r f e r e n c e  f i l t e r  ( X  = 4 3 6  nm) was u s e d .
D e t e r m i n a t i o n s  o f  l i g h t  i n t e n s i t y  w e re
p e r fo r m e d  by  p o t a s s iu m  f e r r i o x a l a t e  a c t i n o m e t r y ;  t h e  
m ethod o f  H a tc h a r d  and P a r k e r "7-3 was f o l l o w e d .  
S t a n d a r d  m i x t u r e s  o f  t h e  aq u e o u s  a c t i n o m e t r i c  s o l u t i o n
( CK3 Fe (CajCU) ) , b u f f e r  (s o d iu m  a c e t a t e  and
s u l f u r i c  a c i d )  , and  0 . 2  V. by  w e ig h t  1 ,1 0  
p h e n a n t h r o l  i n e  i n  w a t e r  wer-e p re p a re d " 7"3 . The
a c t i n o m e t r i c  d e t e r m i n a t i o n s  w e re  made by  p i p e t t i n g  3 . 0  
ml o f  t h e  a c t i n o m e t e r  s o l u t i o n  i n  t h e  c u v e t t e s  u se d  f o r  
p h o t o l y s i s  s t u d i e s .  T h e n ,  u n d e r  t h e  e x p e r im e n t a l  
c o n d i t i o n s  i d e n t i c a l  w i t h  t h o s e  o f  t h e  p h o t o l y s i s ,  e ac h  
c u v e t t e  was i r r a d i a t e d  f o r  an a p p r o p i a t e  p e r i o d  o f  
t i m e .  N e x t ,  1 . 0  ml o f  e a c h  o f  t h e  i r r a d i a t e d  s o l u t i o n s
was p u t  i n t o  s e p a r a t e  1 0 .0  ml v o l u m e t r i c  f l a s k s ,  t o  
w h ic h  w e r e  th e n  add ed  2 . 0  ml o f  0 . 2  V. p h e n a n t h r o l  i n e
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s o l u t i o n  and 0 . 5  ml o f  b u f f e r ,  and t h e  s o l u t i o n  was  
d i l u t e d  t o  t h e  m ark  w i t h  w a t e r .  A d d i t i o n a l l y ,  t h e  same 
m ethod was u se d  t o  s t u d y  a  r e f e r e n c e  s o l u t i o n  p r e p a r e d  
w i t h  1 . 0  ml o f  non -  i r r a d i a t e d  a c t i n o m e t r i c  s o l u t i o n .  
F i n a l l y ,  t h e  a b s o r p t i o n s  o f  t h e  i r r a d i a t e d  s o l u t i o n s  
w e re  t a k e n  a t  5 1 0  nm when t h e  r e f e r e n c e  s o l u t i o n  was  
i n  t h e  r e f e r e n c e  l i g h t  beam . A l l  t h e s e  m a n i p u l a t i o n s  
w e re  p e r f o r m e d  i n  t h e  d a r k .  The  a p p r o p i a t e  i r r a d i a t i o n  
p e r i o d  was e x p e r i m e n t a l l y  d e t e r m in e d  i n  o r d e r  t o  g i v e  
an a b s o r p t i o n  o f  a b o u t  0 . 3 0 .  T h e  a v e r a g e  o f  t h e  t h r e e  
in d e p e n d e n t  d e t e r m i n a t i o n s  was u se d  t o  c a l c u l a t e  t h e  
l i g h t  i n t e n s i t y .  L i g h t  i n t e n s i t y  d e t e r m i n a t i o n s  w e re  
made f ro m  t i m e  t o  t i m e  f o r  e a c h  s e t  o f  e x p e r im e n t a l  
c o n d i t i o n s  i n  o r d e r  t o  c h e c k  f o r  p o s s i b l e  c h a n g e s  i n  
lam p p e r f o r m a n c e .
Quantum y i e l d s  o f  p h o t o s u b s t i t u t i o n  r e a c t i o n s  
w e re  d e t e r m in e d  w i t h  t h e  a i d  o f  a  c o m p u te r  p ro g ra m  
d e s ig n e d  t o  a n a l y z e  t h e  d e c r e a s e  i n  a b s o r p t i o n  o f  t h e  
s t a r t i n g  c o m p le x .  N e c e s s a r y  i n p u t  d a t a  w e re  t h e  
r e s p e c t i v e  m o la r  a b s o r p t i o n  c o e f f i c i e n t s  o f  t h e  i n i t i a l  
co m p lex  and t h e  p h o t o p r o d u c t  a t  b o th  m o n i t o r i n g  and  
e x c i t a t i o n  w a v e le n g t h s ,  t h e  l i g h t  i n t e n s i t y  , and t h e  
v o lu m e  o f  t h e  s a m p le .
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I n  a l l  c a s e s  , c o r r e c t i o n s  f o r  d a r k  r e a c t i o n s  
p r o v e d  t o  be  u n n e c e s a r y .  N e v e r t h e l e s s ,  c o r r e c t i o n s  due  
t o  s m a l l  a b s o r p t i o n s  o f  some o f  t h e  q u e n c h e r s  i n  t h e  
r e g i o n  o f  i n t e r e s t ,  w e re  made.
The e m is s io n  s p e c t r a  w e re  r e c o r d e d  b y  means  
o f  an SLM 4 8 0 0  s p e c t r o p h o t o f l u o r i m e t e r  and w e re  
p r o p e r l y  c o r r e c t e d  f o r  t h e  r e s p o n s e  o f  t h e  Hamamatsu  
R92B p h o t o m u l t i p l i e r  t u b e .  A d d i t i o n a l  e m is s io n  s p e c t r a  
w e re  r e c o r d e d  b y  means o f  an SLM 8 0 0 0  P h o to n  -  
C o u n t in g  s p e c t r o f l u o r i m e t e r ; a g a i n ,  c o r r e c t i o n  f a c t o r s  
f o r  t h e  T h o rn  EMI Gencom I n c . ,  WCT S -  1016
p h o t o m u l t i p l i e r  t u b e  w e r e  u se d  t o  c o r r e c t  t h e  r e c o r d e d  
s p e c t r a .  I n  b o t h  c a s e s  MC320 m o n o c h ro m a to rs  f o r  
e x c i t a t i o n  and e m is s io n  w e re  u s e d .  A 4 5 0  W a t t  Xenon a r c  
lam p was t h e  e x c i t a t i o n  s o u r c e .  The  s p e c t r a  w e re  
i n t e g r a t e d  i n  w aven u m b ers .
A l l  r e c o r d e d  s p e c t r a  w e r e  o b t a i n e d  w i t h  G ia n  -  
Thompson p o l a r i z e r s  s e t  f o r  h o r i z o n t a l l y  p o l a r i z e d  
e x c i t a t i o n  and v e r t i c a l l y  p o l a r i z e d  e m i s s i o n .  T h i s  was  
n e c e s s a r y  i n  o r d e r  t o  a v o id  an a r t i f a c t  o f  t h e  g r a t i n g  
s p e c t r o m e t e r s  a t  6 0 5  nm.
Low t e m p e r a t u r e  (7 7  K) e m is s io n  s p e c t r a  w e re  
r e c o r d e d  f o r  e ac h  s a m p le  i n  a  6 mm i .  d .  p y r e x  t u b e
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a f t e r  s e v e r a l  f r e e z e / p u m p / t h a w  d e g a s s in g  c y c l e s .  The  
s o l u t i o n  was t h e n  im m ersed  i n  a  D ew ar c o n t a i n i n g  
l i q u i d  n i t r o g e n .  D u r in g  r e c o r d i n g  o f  t h e  s p e c t r u m  a  d r y  
a tm o s p h e re  o f  Nz  was m a i n t a in e d  i n  t h e  s a m p le  cham ber  
i n  o r d e r  t o  a v o id  c o n d e n s a t io n  o f  m o i s t u r e  on c e l l  
w in d o w s .
T h e  e m is s io n  s p e c t r a  o f  t h e  com pounds i n  
d e g a s s e d  s o l v e n t s  a t  h i g h e r  t e m p e r a t u r e s  (1 2 0  -  2 7 3  K)
w e re  r e c o r d e d ;  a t  l e a s t  f i v e  f r e e z e / p u m p / t h a w  c y c l e s  
w e re  u s e d .  The  v a r i a b l e  t e m p e r a t u r e s  w e re  m a i n t a in e d  
b y  f l o w i n g  p r e c o o le d  n i t r o g e n  g a s  t h r o u g h  t h e  s a m p le  
h o l d e r ;  t h e  s a m p le  t e m p e r a t u r e  was d e t e r m in e d  b y  means  
o f  a  c o p p e r / c o n s t a n t a n  t h e r m o c o u p le ;  a  b a t h  o f  
i c e / w a t e r  was u se d  a s  a r e f e r e n c e .  R e a d in g s  o f  
p o t e n t i a l s  w e re  made w i t h  a M i l l i v o l t  P o t e n t i o m e t e r ,  
L e e d s  & N o r t h r u p  Co. C a t .  Num. 8 6 9 0 .  C o n v e r s io n  t o  
t e m p e r a t u r e s  was a c c o m p l is h e d  by u s e  o f  s t a n d a r d  
t a b l e s ' 7-*. T h e s e  r e s u l t s  w e re  com pared  w i t h  s i m i l a r  
d e t e r m i n a t i o n s  made b y  u s in g  d a t a  t a k e n  f ro m  N a t i o n a l  
B u re a u  o f  S t a n d a r d s ,  C i r c u l a r  5 6 1 7r=. No s i g n i f i c a n t  
d e v i a t i o n  was d e t e c t e d .
A l l  r e l a t i v e  quantum  y i e l d s  o b t a i n e d  i n  t h i s  
w ork  w e re  c o n v e r t e d  i n t o  a b s o l u t e  quantum  y i e l d s  by
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u s in g  C R u ( b i p y ) s i * 3 a s  t h e  s t a n d a r d .  The  f o l l o w i n g  
s t a n d a r d  p r o c e d u r e 7 *  was u s e d .  D i l u t e  s o l u t i o n s  o f
t h e  s t a n d a r d  l u m in e s c e n t  co m p lex  and o f  t h e  com plex  
u n d e r  s t u d y  t h a t  had t h e  same o p t i c a l  d e n s i t y  a t  t h e
e x c i t a t i o n  w a v e le n g t h  w e r e  p r e p a r e d .  N e x t ,  t h e  a p p a r e n t  
e m is s io n  s p e c t r a  o f  b o t h  s o l u t i o n s  w e re  d e t e r m in e d
u n d e r  i d e n t i c a l  e x p e r i m e n t a l  c o n d i t i o n s  . The  s p e c t r a  
w e re  c o r r e c t e d  f o r  s o l v e n t  b a c k g ro u n d  and f o r  
p h o t o m u l t i p l i e r  r e s p o n s e  , and w e re  t h e n  i n t e g r a t e d .  
The lu m in e s c e n c e  quantum  e f f i c i e n c y  o f  t h e  s t u d i e d
c o m p le x ,  Qh , was t h e n  e v a l u a t e d  by  means o f  t h e  
s i m p l i f i e d  e x p r e s s i o n  s Q„ = ( I « / I . ) ,  w h e re
b o t h  I „  and I «  r e f e r  t o  t h e  r e s p e c t i v e  a r e a  u n d e r
t h e  e m is s io n  c u r v e s  o f  t h e  c o r r e c t e d  s p e c t r a  o f  t h e
s a m p le  and  s t a n d a r d ,  r e s p e c t i v e l y  , and Qs i s  t h e
e m is s io n  quantum  y i e l d  o f  E R u ( b i p y ) s i * 3  u n d e r  t h e  
e x p e r i m e n t a l  c o n d i t i o n s .  C o r r e c t i o n s  t o  t h e
lu m in e s c e n c e  r e l a t e d  t o  t h e  a v e r a g e  r e f r a c t i v e  in d e x e s  
o f  t h e  s o l u t i o n s  w e re  d i s r e g a r d e d 7'7’.
Due t o  t h e  l a r g e  v a r i a t i o n s  o f  e m is s io n  
i n t e n s i t y  o f  some o f  t h e  c o m p le x e s  r e l a t i v e  t o  t h e  
i n t e n s e  e m is s io n  o f  E R u ( b i p y ) s i * 3 , i t  was n e c e s s a r y  
t o  c a l i b r a t e  t h e  r e s p o n s e  o f  e m is s io n  i n t e n s i t y  t o  
c h a n g e s  i n  t h e  m o n o c h ro m a te r  s l i t  w i d t h s .  The f o l l o w i n g
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p r o c e d u r e  was done a t  7 7  K and 2 9 8  K. C o n d i t i o n s  o f  t h e  
s p e c t r o m e t e r  w e re  a d j u s t e d  i n  o r d e r  t o  y i e l d  a  
r e a s o n a b l e  e m is s io n  i n t e n s i t y  f o r  a s t a n d a r d  s a m p le  o f  
C R u ( b ip y ) 3 1* 2  i n  EtOH/MeOH ( 4 : 1 ,  v / v )  s o l v e n t ,  when 
t h e  e m is s io n  m o n o c h ro m a to r  was a d j u s t e d  t o  h a v e  t h e  
s l i t w i d t h  a t  t h e  maximum s e t t i n g .  The i n t e n s i t y  was 
t h e n  m o n i to r e d  w h i l e  t h e  e m is s io n  s l i t w i d t h  was 
d e c r e a s e d  . The  s l i t w i d t h  o f  t h e  e x c i t a t i o n  
m o n o c h ro m ato r  was k e p t  a t  t h e  o r i g i n a l  s e t t i n g .  In  t h i s  
m a n n e r ,  t h e  e f f e c t  o f  s l i t w i d t h  upon e m is s io n  i n t e n s i t y  
c o u ld  be c a l i b r a t e d  and  t h e  r e s u l t s  a r e  shown b e lo w .
T a b le  I  . C a l i b r a t i o n  c u r v e  o f  t h e  e m is s io n  
i n t e n s i t y  a t  2 9 8  K a s  a f u n c t i o n  o f  t h e  e m is s io n  
b a n d p a s s .
e m is s io n  s l i t w i d t h  r e l a t i v e  i n t e n s i t y ( a )
(b a n d p a s s  innm )
0 . 5 . 2 7
1 . 0 (b ) 1 .0 0
2 . 0 3 . 8 3
4 . 0 1 5 . 9 2
8 . 0 5 4 . 8 8
1 6 . 0 1 6 9 .3 1
( a )  : The  a r e a s  o f  t h e  c o r r e c t e d  e m is s io n
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s p e c t r a  M e re  i n t e g r a t e d ;  w avenu m b ers  w e re  used  f o r  t h e  
e n e r g y  a x i s .  W i t h  A =  4 7 5 ,  t h e  5 3 0  -  8 3 0  nm
r a n g e  was s c a n n e d .  R e p o r te d  t a b u l a t e d  v a l u e s  r e p r e s e n t  
an a v e r a g e  o f  t h r e e  in d e p e n d e n t  d e t e r m i n a t i o n s .
(b )  : T a k e n  a s  t h e  r e f e r e n c e .
T a b l e  I I  . C a l i b r a t i o n  c u r v e  o f  t h e  e m is s io n  
i n t e n s i  t y  a t  7 7  K a s  a  f u n c t i o n  o f  t h e  e m is s io n  
b a n d p a s s .
e m is s io n  s l i t w i d t h r e l a t i v e  i n t e n s i t y ( a )
(b a n d p a s s  i n  nm )
0 . 5 0 . 2 6
1 . 0 (b ) 1.00
2.0 3 . 4 7
4 . 0 1 4 . 0 0
8.0 3 7 . 6 3
1 6 . 0 1 0 2 .4 2
( a )  : Same c o n d i t i o n s  a s  t h o s e  o f  ( a )  i n  t h e
p r e v i o u s  T a b l e  I
(b )  : Chosen as  t h e  r e f e r e n c e
T h e s e  v a l u e s  v a r y  som ew hat f r o m  t h e  
t h e o r e t i c a l  s q u a r e d  d ep en d en ce^ *3. I t  c o u ld  be
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o b s e r v e d  t h a t  t h e  d e v i a t i o n s  f ro m  t h i s  e x p e c t e d  
d e p e n d e n c e  w e re  s y s t e m a t i c a l l y  m ore  s i g n i f i c a n t  i n  t h e  
e x t e n t  t h a t  t h e  e m is s io n  s l i t w i d t h  was a d j u s t e d  a t  t h e  
l a r g e r  s e t t i n g s .
F o r  s a m p le s  t h a t  w e re  e x t r e m e l y  weak  
e m i t t e r s ,  t h e  s l i t w i d t h  was in c r e a s e d  f r o m  t h a t  o f  t h e  
s t a n d a r d  and t h e  a b o v e  f a c t o r s  w e re  u s e d  t o  c o r r e c t
f o r  t h i s  i n c r e a s e .
The  p r o c e d u r e  f o r  a m b ie n t  t e m p e r a t u r e  
q u e n c h in g  s t u d i e s  t y p i c a l l y  i n c l u d e d  t h e  d e g a s s in g  o f  
t h e  s a m p le  by  means o f  A r b u b b l i n g  (2 0  m i n ) ,  m e a s u r in g  
t h e  e m is s io n  s p e c tr u m  i n  t h e  a b s e n c e  o f  q u e n c h e r ,  and  
f u r t h e r  r e c o r d i n g  t h e  e m is s io n  s p e c t r a  a f t e r  s e q u e n t i a l  
a d d i t i o n  o f  q u e n c h e r  f ro m  a m i c r o s y r i n g e .  C a r e  was 
t a k e n  t o  a v o id  i n t r o d u c t i o n  o f  o x y g e n .
E x c i t e d  -  s t a t e  l i f e t i m e s  w e re  d e t e r m in e d  by  
t h e  s i n g l e  -  p h o to n  c o u n t i n g  m e th o d ^ ’5’’. Due t o  t h e  lo n g  
l i f e t i m e s ,  no c o r r e c t i o n  f o r  t h e  lam p p u l s e  < 'v  3  ns  
w i d t h )  was deemed n e c e s s a r y .  A l o c a l l y  -  c o n s t r u c t e d  
a p p a r a t u s  was u s e d .  T h e  d a t a  w e re  c o l l e c t e d  on 2 5 6  
c h a n n e ls  o f  a  m u l t i c h a n n e l  a n a l y z e r .  G iv e n  t h e  
t i m e / c h a n n e l ,  a  l i n e a r  l e a s t  s q u a r e s  c o m p u te r  p ro g ra m
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was used  t o  - f i t  t h e  - f i r s t  -  o r d e r  l u m i n i s c e n c e  d e c a y  
c u r v e s 0 0 .
E l e c t r o c h e m i c a l  m e a s u re m e n ts  f o r  some o f  t h e  
c o m p le x e s  w e re  made b y  R .  H . Schm ehl o f  T u la n e  
U n i v e r s i t y .  Redox p o t e n t i a l s  f o r  some o f  t h e  c o m p le x e s  
i n  a c e t o n i t r i l e  c o n t a i n i n g  0 . 1 0  M t e t r a b u t y la m m o n iu m  
p e r c h l o r a t e  a s  s u p p o r t i n g  e l e c t r o l y t e  w e r e  m e a s u re d  by  
means o f  c y c l i c  v o l t a m m e t r y .  The  a p p a r a t u s  c o n s i s t s  o f  
a  E6 6 /  P r i n c e t o n  A p p l i e d  R e s e a r c h  model 173  
p o t e n t i o s t a t  and a  m odel 175  U n i v e r s a l  p ro g ra m m e r .  The  
r e f e r e n c e  e l e c t r o d e  f o r  a l l  m e a s u re m e n ts  was t h e  
c a lo m e l  e l e c t r o d e ;  a  s a t u r a t e d  a q u e o u s  s o d iu m  c h l o r i d e  
s a l t  b r i d g e  was u s e d .  R e p o r te d  p o t e n t i a l s  a r e  n o t  
c o r r e c t e d  f o r  t h e  l i q u i d  j u n c t i o n  p o t e n t i a l .
CHAPTER I I I .  EXPERIMENTAL RESULTS.
A.QUENCHING OF C R u ( b i p y ) ( X  = C l - , B r ~ >  
E M ISS IO N  AND PHOTOSUBSTITUTION BY FERROCENE 
AND OXYGEN.
R e p o r te d  r e s u l t s ' * *  w e re  i n  c l e a r  
d is a g r e e m e n t  w i t h  t h e  p o s t u l a t e d  model d e s c r i b i n g  t h e  
p h o t o p h y s i c a l  p r o c e s s e s  o f  CRu ( b i  p y ) 31"'2 . I n  o r d e r  
t o  d e t e r m in e  w h e th e r  e m is s io n  and p h o t o s u b s t i t u t i o n  
o c c u r r e d  -from e x c i t e d  s t a t e s  t h a t  w e re  t h e r m a l l y  
e q u i l i b r a t e d ,  t h e i r  q u e n c h in g  by - f e r r o c e n e  and 0 S 
w e re  i n v e s t i g a t e d .  The g e n e r a l  p r o c e d u r e s  d e s c r ib e d  i n  
t h e  e x p e r i m e n t a l  s e c t i o n  w e re  - fo l lo w e d ;  s p e c i - f i c  
c o n d i t i o n s  a r e  i n d i c a t e d .
1 .  Q u e n c h in g  o-f CRu ( b i  p y ) 3 3C1 ^ a t  2 9 8  K 
i n  a 0 . 1 0  M s o l u t i o n  o f  TBAC1 i n  DMF by  F e r r o c e n e .
G e n e r a l  e x p e r i m e n t a l  c o n d i t i o n s  :
C R u (b ip y )  3l ]C 1z  = 3 .  10~ *  M .
L i g h t  i n t e n s i t y  = 1 . 5 3 .  10~ s e i n s t e i n / s e c  .
T o t a l  i r r a d i a t i o n  t i m e  = 2 0  m in .
M o la r  a b s o r p t i o n  c o e f f i c i e n t  ( 4 5 0  nm) o f  t h e  
s t a r t i n g  co m p lex  = 1 5 , 0 0 0  M '^cm -1  .
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M o la r  a b s o r p t i o n  c o e f f i c i e n t  (4 5 0  nm) o-f t h e  
p h o to p r o d u c t  = 7 , 7 0 0  (a )
( a ) :  I n  t h i s  e x p e r im e n t  o n l y  t h e  p h o t o r e a c t i o n  
l e a d i n g  t o  t h e  - f i r s t  p h o t o p r o d u c t  was - fo l lo w e d .
T a b le  I I I  . Q u e n c h in g  o-f t h e  e m is s io n  
l i f e t i m e  and o f  t h e  p h o t o s u b s t i t u t i o n  :
C R u ( b i p y ) C l s  a t  2 9 8  K i n  a  0 . 1 0  M s o l u t i o n  o f  
TBAC1 i n  DMF by  F e r r o c e n e .
C F e r ro c e n e D .  1 0 - * , M  (T 0« / T „ )  ( a )  ( Q ^ / Q ^ )  (b )
0 . 0 0 1 .0 0 1 .0 0
1 2 . 4 1 . 3 8 1 .2 2
2 4 . 8 1 . 7 6 1 .4 4
3 7 . 2 2 .  14 1 .6 6
4 9 . 6 2 . 5 2 1 .8 8
6 2 . 0 2 . 9 0 2 . 10
s l o p e s ( M - M ( C) 3 , 0 7 0  ±  6 0 0  1 , 7 8 0  t  7 0 0
( a ) :  T0 * /T « .  i s  t h e  q u e n c h in g  o f  t h e  e m is s io n  
1 i  f e t i m e .
( b ) : Qpho/Qph i s  t h e  q u e n c h in g  o f  t h e  
p h o t o s u b s t i  t u t i  o n .
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( c ) :  The s l o p e s  w e re  e v a l u a t e d  by  means o-f l i n e a r  
r e g r e s s i o n  a n a l y s i s ;  t h e y  a r e  an a v e r a g e  o-f t h r e e  
in d e p e n d e n t  e x p e r im e n t s .
F o r  t h e  d e t e r m i n a t i o n  o-f p h o t o s u b s t i t u t i o n  
quantum  y i e l d s  when - fe r r o c e n e  was t h e  q u e n c h e r ,  t h e  
m easured  a b s o r p t i o n  s p e c t r a  w e re  c o r r e c t e d  -for p a r t i a l  
a b s o r p t i o n  o f  t h e  i n c i d e n t  1 i g h t  by  f e r r o c e n e . ( E 0  = 
100  M- 1cm-1  a t  4 5 0  n m ) . T h e s e  c o r r e c t i o n s  becam e
m ore s e r i o u s  a s  t h e  f e r r o c e n e  c o n c e n t r a t i o n  in c r e a s e d  
b u t  n e v e r  am ounted  t o  m ore t h a n  10 V. o f  a b s o r p t i o n  o f  
t h e  i n c i d e n t  l i g h t .
2 .  Q u e n c h in g  o f  C R u ( b ip y ) 3 3C1Z a t  2 9 8  K 
i n  a 0 . 1 0  M s o l u t i o n  o f  TBAC1 i n  CH3CN by  O xygen .
G e n e r a l  e x p e r i m e n t a l  c o n d i t i o n s  :
C R u ( b ip y ) 3 ]C 12 = 5 . 1G - *  M .
L i g h t  i n t e n s i t y  =  1 . 5 3  . lO - *3 e i n s t e i n / s e c .
T o t a l  i r r a d i a t i o n  t i m e  = 10 m in .
M o la r  a b s o r p t i o n  c o e f f i c i e n t  ( 4 5 0  nm) o f  t h e  
s t a r t i n g  co m p lex  = 1 3 , 6 0 0  M_ 1cm ~1 .
M o la r  a b s o r p t i o n  c o e f f i c i e n t  ( 4 5 0  nm) o f  t h e  
p h o t o p r o d u c t  = 3 , 8 0 0  M_ 1cm-1  . (a )
( a ) :  I n  t h i s  c a s e ,  t h e  g e n e r a t i o n  o f  t h e  seco n d
7 1
p h o t o p r o d u c t  was m o n i t o r e d  .
T a b le  I V  . Q u e n c h in g  o f  t h e  e m is s io n  l i f e t i m e  
and o-f t h e  p h o t o s u b s t i t u t i o n  : CRu ( b i p y ) -,301 ^ a t
2 9 8  K i n  a 0 . 1 0  I I  s o l u t i o n  o f  TBAC1 i n  CH3 CN by  
O xygen .
• ( T o r r )  C02 3, M. 10- ^  ( a ) (T ct« / T . )  (b )  ( Q ^ / Q ^
0 0 . 0 1 .0 0 H • o o
152 2 . 0 2 . 10 2 . 0 2
4 0 0 5 . 3 4 . 8 0 3 . 9 3
5 9 3 7 . 9 5 . 2 0 5 . 0 3
7 6 0 1 0 .0 5 . 9 3 5 . 6 6
s i o p e s ( M_1 ) (d ) 5 0 6  ±  40 4 7 0 ±  6 0
( a ) :  0 Z c o n c e n t r a t i o n s  w e re  e v a l u a t e d  i n  t e r m s
o f  m o l a r i t y  ; an e s t i m a t e d  v a l u e  o f  H e n r y 's  c o n s t a n t  o f  
1 , 9 0 0  a t m /m o le  f r a c t i o n 01 and t h e  a p p r o x im a t i o n  
xOz = C n (0 2 ) /  n ( s o l v e n t )  3 w e re  used  (n r e p r e s e n t s  t h e  
num ber o f  m o l e s ) .
( b ) :  Q u e n c h in g  o f  e m is s io n  e x c i t e d  l i f e t i m e s .
( c ) :  Q u e n c h in g  o f  p h o t o s u b s t i t u t i o n .
( d ) :  The s l o p e s  w e re  e v a l u a t e d  by  means o f  a
l i n e a r  r e g r e s s i o n  a n a l y s i s ;  t h e y  a r e  an a v e r a g e  o f  t h r e e
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in d e p e n d e n t  e x p e r im e n t s .
The  • fo r m a t io n  o f  j u s t  o n e  f i n a l  p h o t o p r o d u c t ,
( C R u ( b i p y ) 2 X2 ] - = > , was a lw a y s  p r e f e r e n t i a l 1y  
m o n i to r e d  e x c e p t  i n  t h e  c a s e  o f  t h e  p h o t o l y s i s  c a r r i e d  
o u t  i n  DMF ; t h e n  tw o  p h o t o p r o d u c t s ,
CRu ( b i p y )  sDMFXl'*'1 , and CRu ( b i  p y ) 2 X2 3 w e re  
assum ed**5'.
3 .  Q u e n c h in g  o f  CRu ( b i p y )  asHBr^. a t  2 9 8  K 
i n  a  0 . 1 0  M s o l u t i o n  o f  TBABr i n  DMF by  F e r r o c e n e .
G e n e r a l  e x p e r i m e n t a l  c o n d i t i o n s  s
C R u ( b ip y ) 3 ] +2 = 5  . 1 0 ” = M
L i g h t  i n t e n s i t y  = 3 . 6  . 10 - °  e i n s t e i n / s e c  .
T o t a l  i r r a d i a t i o n  t i m e  = 10 m in .
M o la r  a b s o r p t i o n  c o e f f i c i e n t  (4 5 0  nm) o f  t h e  
s t a r t i n g  co m p lex  = 1 4 , 1 0 0  M_ 1cm_ 1 .
M o la r  a b s o r p t i o n  c o e f f i c i e n t  (4 5 0  nm) o f  t h e  t h e  
f i r s t  p h o t o p r o d u c t  = 7 , 7 0 0  M_ 1cm_1 .
M o la r  a b s o r p t i o n  c o e f f i c i e n t  ( 4 5 0  nm) o f  t h e  t h e  
s eco n d  p h o t o p r o d u c t )  =  3 , 9 0 0  M_ 1cm~l .
T a b le  V . Q u e n c h in g  o f  t h e  e m is s io n  l i f e t i m e  
and o f  t h e  p h o t o s u b s t i t u t i o n  : C R u ( b ip y ) 3 3 B r2 a t
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2 9 8  K i n  a  0 . 1 0  M s o l u t i o n  o-f TBABr i n  DMF by  
F e r r o c e n e .
E F e r r 3 . 1 0 - = , M  <TOT/T „ >  ( a )  ( G W * / Q ^  ) (fa) (Qp h o 2 /Q p h 2 ) (c )
0 1.00 1.00 1.00
12 1 . 3 6  1 .2 1  1 .1 B
24  1 . 3 7  1 . 3 4  1 . 3 3
3 6  1 . 5 3  1 . 5 3  1 .5 1
4 8  1 . 6 7  1 . 5 6  1 . 5 3
6 0  1 . 7 2  1 . 7 5  1 . 7 0
84  2 . 0 0
s i  o p e s ( M - 1 ) (d )  1 , 2 1 0  ±  2 0 0  1 , 1 7 0  ±. 3 0 0  1 , 1 2 6  ±. 2 0 0
( a ) :  Q u e n c h in g  o-f lu m in e s c e n c e  l i f e t i m e s .
< b ) :  Q u e n c h in g  o-f t h e  - f i r s t  p h o t o p r o d u c t  
s u b s t i  t u t i  o n .
< c ) :  Q u e n c h in g  o-f t h e  sec o n d  p h o t o p r o d u c t  
s u b s t i t u t i o n .
< d ) :  S lo p e s  w e r e  e v a l u a t e d  b y  means o-f l i n e a r  
r e g r e s s i o n  a n a l y s i s  5 a v e r a g e  o-f t h r e e  r u n s .
4 .  Q u e n c h in g  o-f CRu ( b i  p y ) . , ] B r 2 a t  2 9 8  K 
i n  a 0 . 1 0  M s o l u t i o n  o-f TBABr i n  DMF by  O xyg en .
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G e n e r a l  e x p e r i m e n t a l  c o n d i t i o n s  :
CRu ( b i p y )  ;5B r 2 ]  = 6 . 0 7  . 10~=  M .
L i g h t  i n t e n s i t y  = 3 . 6  . lO -6 * e i n t e i n / s e c  
T o t a l  i r r a d i a t i o n  t i m e  = 12 m in .
M o la r  a b s o r p t i o n  c o e - F f i c i e n t  (4 5 0  nm) o-f t h e  
s t a r t i n g  co m p lex  = 1 4 , 1 0 0  M - ^ m - 1 .
M o la r  a b s o r p t i o n  c o e - f - f i c i e n t  (4 5 0  nm) o f  t h e  
f i r s t  p h o t o p r o d u c t  = 7 , 7 0 0  M~1cm~ 1 .
M o la r  a b s o r p t i o n  c o e f f i c i e n t (4 5 0  nm) o f  t h e  
second  p h o t o p r o d u c t  = 3 , 9 0 0  M - ’ cm- 1 -
T a b le  V I  . Q u e n c h in g  o f  t h e  e m is s io n  l i f e t i m e  
and o f  t h e  p h o t o s u b s t i t u t i o n  : C R u ( b ip y ) .^ IB r^  a t  
2 9 8  K i n  a  0 . 1 0  M s o l u t i o n  o f  TBABr i n  DMF by O xygen .
p 0 z  ( T o r r ) C 0 „ 3 ,M . 1 0 ~ *  ( T ^ / T . )  ( a )  ( Q ^ / Q J  (b )  (Qo 2 /Q 2 ) ( c )
0 0 .0 0  1.00  1.00  1.00
2 5 2 ( d )  1 . 0 0  1 . 5 6  1 . 2 0  1 . 2 2
7 6 0 ( e )  5 . 2  2 . 5 7  2 . 3 9  2 . 4 8
s lo p e s  ( M - * ) ( f )  2 8 3  ±  22  2 7 2  ±  3 0  2 8 9  ±  2 5
( a ) ,  ( b ) ,  and ( c ) ,  r e s p e c t i v e l y ,  h a v e  t h e  same
m e a n in g s  as  t h o s e  o f  t h e  p r e v i o u s  t a b l e  p r e s e n t e d
a b o v e .
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(d > :  A i r  s a t u r a t e d .
( e ) : 0 2 s a t u r a t e d .
( f ) :  S lo p e s  w e re  e v a l u a t e d  by  means o-f l i n e a r  
r e g r e s s i o n  a n a l y s i s ;  t h e y  a r e  an a v e r a g e  o-f t h r e e  
i n d e p e n d e n t  e x p e r im e n t s .
( g ) :  The  c o n c e n t r a t i o n s  o-f 0 2 w e re  e s t i m a t e d
w i t h  t h e  u s e  o-f a  v a l u e  -for H e n r y 's  c o n s t a n t  o-f 2 , 5 0 0  
a tm /m o le  - f r a c t i o n ®1 and  t h e  a p p r o x im a t i o n  
x 0 z  = C n ( 0 z ) /  n ( s o l v e n t )  3 .
5 .  Q u e n c h in g  o-f CRu ( b i p y  > 3=3B r 2 a t  2 9 8  K 
i n  a 0 . 1 0  M s o l u t i o n  o-f TBABr i n  CH2C12 by  
F e r r o c e n e .
G e n e r a l  e x p e r i m e n t a l  c o n d i t i o n s  s 
C R u ( b ip y ) 3B r 2 3 = 6 . 0  . 10~= M .
L i g h t  i n t e n s i t y  = 3 . 9  . 1 0 -7- e i n s t e i n / s e c  . 
T o t a l  i r r a d i a t i o n  t i m e  = 4 m in .
M o la r  a b s o r p t i o n  c o e - f - f i c i e n t  <450 nm) o-f t h e  
s t a r t i n g  m a t e r i a l  =  1 3 , 3 0 0  M“ 1cm~ 1 .
M o la r  a b s o r p t i o n  c o e - f - f i c i e n t  ( 4 5 0  nm) o f  t h e  
f i n a l  p h o to p r o d u c t  = 4 , 0 0 0  M~1cm_ 1 .
T a b l e  V I I .  Q u e n c h in g  o f  t h e  e m is s io n  l i f e t i m e  
and o f  t h e  p h o t o s u b s t i t u t i o n  s C R u ( b ip y ) 3 3 B r2 a t
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2 9 8  K i n  a  0 . 1 0  M s o l u t i o n  o f  TBABr i n  CHZC1= by  
F e r r o c e n e .
10* = , M <To t / T . )  (a ) ( B p h o z /Q p h a ) ( b )
0 1 . 0 0 1 . 0 0
12 1 .7 1 1 .6 1
24 2 . 2 7 2 .2 1
36 3 . 0 4 2 . 8 3
48 3 . 3 1 3 . 4 3
6 0 3 . 9 5 4 . 0 4
s l o p e s  (M- 1 ) ( c ) 4 , 8 4 0  ±. 5 0 0  5 , 0 7 0  ±. 1 , 2 0 0
<a> : Q u e n c h in g  o f  lu m in e s c e n c e  l i f e t i m e s .
( b ) : Q u e n c h in g  o f  f i n a l  p h o t o s u b s t i t u t i o n
p r o d u c t .
<c>: The  s l o p e s  a r e  t h e  a v e r a g e  o f  t h r e e  r u n s ;
t h e y  w e re  e v a l u a t e d  b y  means o f  a  l i n e a r  r e g r e s s i o n
a n a l y s i  s .
6 . Q u e n c h in g  o f  C R u ( b ip y ) 3 ] B r 3 a t  2 9 8  K 
i n  a 0 . 1 0  M s o l u t i o n  o f  TBABr i n  CHZC1Z by  O xyg en .
G e n e r a l  e x p e r i m e n t a l  c o n d i t i o n s  :
C R u ( b ip y ) ^ B r ^ 3 ^  5 . 5  . 10- =  M .
L i g h t  i n t e n s i t y  = 3 . 6  . 1 0 s e i n s t e i n / s e c  .
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T o t a l  i r r a d i a t i o n  t i m e  = 8  m in  .
M o la r  a b s o r p t i o n  c o e f f i c i e n t  ( 4 5 0  nm) o f  t h e  
s t a r t i n g  m a t e r i a l  =  1 3 , 3 0 0  M_ I cm_ 1 .
M o la r  a b s o r p t i o n  coe-f-f i c i e n t  ( 4 5 0  nm) o-f t h e  
f i n a l  p h o t o p r o d u c t  = 4 , 0 0 0  M - 'c m - 1  .
T a b l e  V I I I .  Q u e n c h in g  o f  t h e  e m is s io n  
l i f e t i m e  and o f  t h e  p h o t o s u b s t i t u t i o n  :
C R u ( b ip y ) 3 l B r 2 a t  2 9 8  K i n  a  0 . 1 0  M s o l u t i o n  o f  
TBABr i n  CH^C1Z by  O xyg en .
C 0^3 . 1 0  - , M ( t o k / T . )  ( a )  (O p h o z /Q p h s )  (b )
0 (c )  1 . 0 0  1 .0 0
1 . 6 ( d )  1 . 4 7  1 . 4 8
8 . 0 ( e )  2 . 4 0  2 . 2 6
s l o p e s  (M ~1 ) ( f )  1 66  ±  3 0  147  ±  40
( a ) :  Q u e n c h in g  o f  lu m in e s c e n c e  l i f e t i m e s .
( b ) :  Q u e n c h in g  o f  p h o t o p r o d u c t  g e n e r a t i o n .
( c ) :  S a m p le  Ar -  d e g a s s e d  (2 0  m in b u b b l i n g ) .
( d ) :  S a m p le  a i r  -  s a t u r a t e d  (2 0  m in  b u b b l i n g ) .
( e ) : S a m p le  0 2 -  b u b b le d  (2 0  m i n ) .
( f ) :  S lo p e s  w e re  e v a l u a t e d  by  means o f  l i n e a r  
r e g r e s s i o n  a n a l y s i s ;  t h e y  r e p r e s e n t  an a v e r a g e  o f
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t h r e e  in d e p e n d e n t  e x p e r i m e n t s .
F o r  ( c > ,  ( d ) , and ( e ) , t h e  0 2 c o n c e n t r a t i o n s
w e re  e s t i m a t e d  w i t h  t h e  u s e  o-f a  v a l u e  o-f H e n r y 's  c o n s t a n t  
o-f 1 , 9 5 0  a t m /m o le  - f r a c t i o n ® 1 and t h e  a p p r o x im a t i o n  
x ( 0 2 ) = E n ( 0 s ) /  n ( s o l v e n t ) 3.
The q u e n c h in g  p l o t s  -for e x p e r im e n t s  1 - 6  a r e  
shown i n  F i g u r e s  14 t o  19 . I n  t h e s e  p l o t s ,  t h e  
p h o t o s u b s t i t u t i o n  q u e n c h in g  i s  shown w i t h  c i r c l e s  < o and •  
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F i g u r e  1 4 .  S t e r n  -  V o lm e r  p l o t  f o r  t h e  q u e n c h in g  o f  
C R u (b ip y )  3 DC1= e m is s io n  l i f e t i m e  < • )  and
p h o t o s u b s t i t u t i o n  < 0  ) a t  2 9 8  K i n  a 0 . 1 0  M s o l u t i o n  o f  
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F i g u r e  15 .  S t e r n  — V o lm e r  p l o t  f o r  t h e  q u e n c h in g  o f  
C R u ( b i p y ) ;r. ] C 1 3 e m i s s i o n  l i f e t i m e  ( ■ )  and  
p h o t o s u b s t i t u t i o n  ( 0  ) a t  2 9 8  K i n  a 0 . 1 0  M s o l u t i o n  o f  
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F i g u r e  16 .  S t e r n  -  V o lm e r  p l o t  f o r  t h e  q u e n c h in g  o f  
C R u ( b i p y ) 3  3 B r z  e m i s s i o n  l i f e t i m e  ( 0 ) and
p h o t o s u b s t i t u t i o n  < O and •  ) a t  2 9 8  K i n  a  0 . 1 0  M s o l u t i o n  










F i g u r e  17 .  S t e r n  -  V o lm e r  p l o t  f o r  t h e  q u e n c h in g  o f  
C R u ( b ip y )  3 3 B r2 e m i s s i o n  l i f e t i m e  ( ■ )  and  
p h o t o s u b s t i t u t i o n  ( o  a n d * )  a t  2 9 8  K i n  a O . 10 M s o l u t i o n  








F i g u r e  18 . S t e r n  -  V o lm e r  p l o t  f o r  t h e  q u e n c h in g  o f  
C R u tb ip y )^ :  3 B r = e m i s s i o n  l i f e t i m e  ( ■  ) and  
p h o t o s u b s t i t u t i o n  ( O ) a t  2 9 8  K i n  a  0 . 1 0  M s o l u t i o n  o f  







F i g u r e  19 . S t e r n  — V o lm e r  p l o t  - for  t h e  q u e n c h i n g  o f  
ERu ( b i p y )  3:JBr3 e m i s s i o n  l i f e t i m e  ( ■ )  and
p h o t o s u b s t i t u t i o n  (O) a t  2 9 8  K i n a O . l O h  s o l u t i o n  o f  TBABr 
i n  CH= C1Z b y  O xygen .
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B. CORRELATION OF LISAND F IE L D  EXCITED STATE 
ENERGIES WITH LIGAND F IE L D  STRENGTHS IN  (POLYPYRIDINE)  
RUTHENIUM( 1 1 ) COMPLEXES.
An a n a l y s i s  o f  r e p o r t e d  e x p e r i m e n t a l  d a t a  
c o n c e r n i n g  t h e  e n e r g y  d i f f e r e n c e  b e tw e e n  t h e  ^MLCT 
and LF e x c i t e d  s t a t e s  o f  t h e  c o m p le x e s  
C R u ( b i p y ) 3 ]-*-3 “»», CRu ( b i  py> ^ ( d i  az  >
and CRu < b i p y ) 2 ( p y ) 2 ] ^  i eacjs t o  t h e
c o n c l u s i o n  t h a t  t h e  g e n e r a l l y  o b s e r v e d  l i g a n d  f i e l d  
t r e n d s  w e r e  a b s e n t  i n  t h e s e  c o m p le x e s .
In  o r d e r  t o  f u r t h e r  i n v e s t i g a t e  c h a n g e s  i n  t h e  
e n e r g y  o f  t h e s e  LF s t a t e s ,  t h e  e m i s s i o n  p r o p e r t i e s  o f  
C R u ( b i p y ) Z L 3 ^ K c o m p l e x e s  o v e r  an e x t e n d e d
t e m p e r a t u r e  r a n g e  (L = d i a r ,  (py>^> w e r e  r e e v a l u a t e d  
i n  t h i s  w o rk  and a new v i e w  o f  t h e  e n e r g y  c h a n g e s  o f  
t h e  LF s t a t e  and t h e i r  r a t i o n a l i z a t i o n  by  means o f  
l i g a n d  f i e l d  t h e o r y  w e re  made p o s s i b l e .
1.  L u m in e s c e n c e  m e a s u r e m e n ts .
1 . a . E m i s s i o n  i n t e n s i t i e s  o f  EtOH/MeOH  
( 4 : l , v / v )  s o l u t i o n s  as  a  f u n c t i o n  o f  t e m p e r a t u r e .
l . a . l .  Complex : C R u ( b i p y )
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T a b l e  IX  . R e l a t i v e  e m i s s i o n  i n t e n s i t y  o-f 
C R u ( b i p y ) 3 D* 3 i n  E tO H /M eO H ( 4 : 1 , v / v )  as  a f u n c t i o n  o f  
t e m p e r a t u r e .
T (K)  
3 0 3  
2 9 5  
291  
2 8 7  
2 8 5  
2 8 2  
2 8 0  
2 7 3  
2 6 9  
2 6 7  
261  
251  
2 3 6  






I r e l ( a )
0 . 6 5  
0 . 7 7  
0 . 8 3  
0 . 9 0
0 . 9 7  
1.00 
1 . 0 5
1 . 18
1 . 2 9
1 . 2 9  
1 . 3 7  
1 . 4 3  
1 . 5 8  
1 . 6 4  
1 . 7 5  
1 . 8 0  
1.86 
1 . 9 7  
2 . 0 7
8 7
( a ) :  R e l a t i v e  e m i s s i o n  i n t e n s i t i e s ,  A =
4 5 0  nm and t h e  r a n g e  5 0 0  -  7 5 0  nm was s c a n n e d .
I n t e g r a l s  o-f t h e  c o r r e c t e d  e m i s s i o n  s p e c t r a  p r e s e n t e d  
i n  w avenum bers  w e r e  t a k e n .  T h e s e  r e s u l t s  a r e  p l o t t e d  i n  
F i g u r e  2 0 .  The g e n e r a l  p r o c e d u r e  d e s c r i b e d  i n  t h e  
e x p e r i m e n t a l  s e c t i o n  was - f o l l o w e d .
l . a . 2 .  Complex : C R u ( b i p y ) = ( d i a z )
T a b l e  X . R e l a t i v e  e m i s s i o n  i n t e n s i t y  o f  
C R u ( b i p y ) 2 ( d i a z ) 3 - *  i n  E tO H /K e O H ( 4 : 1 , v / v )  a s  a  
f u n c t i o n  o f  t e m p e r a t u r e .
T O O I r e l ( a )
177 0 . 0 5
161 0 . 2 2
155 0 . 3 6
152 0 . 6 1
151 0 . 5 6
147 0 . 8 2
145 1 . 3 0
143 1 . 4 0
141 1 . 5 5
140 1 . 9 7
137 2 . 2 4
135 r-} 0*7
( a ) :  The o b s e r v a t i o n s  r e g a r d i n g  t h e
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e x p e r i m e n t a l  c o n d i t i o n s  used  a r e  t h e  same as  t h o s e  o f  
( a )  i n  t h e  p r e v i o u s  T a b l e  I X .
l . a . 3 .  Complex : C R u ( b i p y ) ^ ( p y )
T a b l e  X I  . R e l a t i v e  e m i s s i o n  i n t e n s i t y  o f
C R u ( b i p y ) 2 ( p y ) i n  E tO H /M eO H ( 4 : 1 , v / v )  as  a
f u n c t i o n  o f  t e m p e r a t u r e .
T ( K )  (a )
2 5 0  0 . 0 5
2 2 8  0 . 1 0
2 1 3  0 . 1 6
2 0 0  0 . 3 0
186 0 . 4 3
171 0 . 6 3
161 0 . 8 8
153  1 . 1 5
147 1 . 3 4
141 1 . 5 8
135  1 . 9 6
129  2 . 2 0
( a ) :  The m e a n in g  i s  t h e  same as  t h a t  i n  t h e  
p r e v i o u s  T a b l e  X.
l . b .  E m i s s i o n  quantum y i e l d s  o f  EtOH/MeOH  
( 4 : 1 ,  v / v )  s o l u t i o n s  a s  a f u n c t i o n  o f  t e m p e r a t u r e .
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l . b . l .  Complex : C R u ( b i p y ) 3 3-*-=z.
T a b l e  X I I  . E m i s s i o n  quantum  y i e l d  d e p e n d e n c y  
o f  C R u C b i p y ) * ] - ^  i n  E tO H /M e O H ( 4 : 1 , v / v )  a s  a
f u n c t i o n  o f t e m p e r a t u r e  .
T <K) G U . 10* = 1 / 0 ® ( a )  1 / T ( K ) . 1 0
3 2 7 1 5 . 2 4 6 5 . 6 3 . 0 6
321 2 2 . 7 3 4 4 . 0 3 .  12
3 1 5 3 0 . 4 9 3 2 . 8 3 .  18
3 0 9 4 7 .  17 2 1 . 2 0 3 . 2 4
3 0 5 5 3 .  19 1 8 . 8 0 3 . 2 8
3 0 0 6 2 . 5 1 6 . 0 3 . 3 8
2 9 2 6 9 . 4 4 1 4 . 4 3 . 4 2
2 8 7 7 5 . 7 6 1 3 . 2 0 3 . 4 8
2 8 6 8 0 . 6 4 1 2 . 4 0 3 . 5 0
2 8 3 8 6 .2 1 1 1 . 6 0 3 . 5 4
2 7 9 9 2 . 5 9 1 0 . 8 0 3 . 5 8
2 7 3 100 1 0 .0 3 . 6 6
2 6 7 1 0 8 . 7 9 . 2 0 3 . 7 6
2 6 3 1 2 5 . 0 8 . 0 0 3 . 8 0
2 6 0 1 3 8 . 9 7 . 6 0 3 . 8 4
251 1 4 7 .  1 6 . 8 0 3 . 9 9
2 3 5 1 5 6 .  1 6 . 4 0 4 . 2 5
2 1 9 1 6 6 . 7 6 . 0 0 4 . 5 6
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19S 1 7 B . 6  5 . 6 0  5 . 0 4
192 1 9 2 . 3 5 . 2 0 5 . 2 0
181 2 0 8 . 0 4 . 8 0 5 . 5 2
( a ) :  i s  p l o t t e d  v s .  <b) i  n F i g u r e  21 .
l . b . 2 .  Complex ■■ CR u(b i  p y ) = ( d i  a z ) I " 3 .
T a b l e  X I I I n Emi s s i  on quantum y
d e p e n d e n c y o-f C R u ( b i p y ) 2 ( d i a z ) D - 3 i n  EtOH/MeOH
( 4 : 1 ,  v / v ) as  a - f u n c t i o n o f t e m p e r a t u r e .
T <K> 10" - (c ) 1/De. ( a ) 1 / T <K ) . 10 - - <b)
177 2 . 0 0 5 0 0 5 . 6 5
160 8 . 8 0 1 1 3 . 6 6 . 2 5
155 1 4 . 8 8 6 7 . 2 6 . 4 5
151 2 6 . 0 4 3 8 . 4 6 . 6 2
150 2 0 . 8 3 4 8 . 0 6 . 6 7
149 2 8 . 4 1 3 5 . 2 6 . 7 1
148 3 1 . 2 5 3 2 . 0 6 . 7 6
142 4 1 . 6 7 2 4 . 0 7 . 0 4
141 6 2 . 5 0 1 6 . 0 7 . 0 9
137 7 8 .  13 1 2 .8 7 . 3 0
136 1 0 4 . 1 7 9 . 6 7 . 3 5
133 1 2 5 . 0 0 8 . 0 7 . 5 2
132 1 1 2 . 8 7 8 . 9 7 . 5 8
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( a )  i s  p l o t t e d  v s .  (b )  i n  F i g u r e  2 2 .
<c> : A b s o l u t e  e m i s s i o n  quantum y i e l d ;
C R u ( b i p y ) 3 1 w a s  t h e  r e f e r e n c e .  The e m i s s i o n  
quantum  y i e l d  f o r  t h i s  com p lex  was d e t e r m i n e d  a t  140  K 
; t h e  e v a l u a t e d  l i f e t i m e  and i t s  r a d i a t i v e  r a t e
c o n s t a n t  w e r e  used  . T h e  l i f e t i m e  o f  C R u ( b i p y ) 
o v e r  t h e  t e m p e r a t u r e  r a n g e  o f  84 -  3 3 0  K h a s  been
e v a l  u a t e d E,:?.
l . b . 3 .  Complex : C R u ( b i p y ) ^ ( p y ) ^ 3- ^ .
T a b l e  X I V  . E m i s s i o n  quantum y i e l d  d e p e n d e n c y  
o f  CRu ( b i p y )  ( p y ) i n  EtOH/MeOH ( 4 : 1 ,  v / v )  as  a  
f u n c t i o n  o f  t e m p e r a t u r e .
T (K) CU. 10 - -  ( c ) ( 1 / Q ra) . 10- 1 ( a ) 1 / T ( K ) . 10 - - -  (b )
2 5 0 1 .0 0 100 4 . 0 0
2 2 7 2 . 9 8 3 3 . 6 4 . 4 0
212 6 . 2 5 1 6 . 0 4 . 7 0
199 1 2 . 5 0 8 . 0 5 . 0 2
196 1 5 . 6 3 6 . 4 5 .  10
185 2 5 . 0 0 4 . 0 5 . 4 1
169 3 5 . 7 1 2 . 8 5 . 9 2
158 5 9 . 5 2 1 . 7 6 . 3 3
149 6 2 . 5 0 1 .6 6 . 7 0
9 2
143 6 5 . 7 9 1 . 5 6 . 9 9
132 114 O. 88 7 . 5 8
126 125 0 . 8 0 7 . 9 4
(a )  i s  p l o t t e d  v s .  (fa) i n  F i g u r e  2 3  .
<c> : A b s o l u t e  quantum y i e l d ; CRu ( b i p y ) was t h e
r e f e r e n c e .
2 .  T e m p e r a t u r e  d e p e n d e n c e  o f  t h e  l i f e t i m e  o f  
c o m p le x e s  CRu ( b i p y ) i n  EtOH/MeOH ( 4 : 1 ,  v / v )  .
c o l  1 a b o r a t i o n  w i t h  R . H .  S c h m e h l , f r o m  T u l a n e  U n i v e r s i t y ,  
by p u l s e d  n i t r o g e n  l a s e r  e x c i t a t i o n  w i t h  p u l s e s  a t  337  
nm and a 3 5 0  ps w i d t h .  E m i s s i o n  was o b s e r v e d  a t  r i g h t  
a n g l e s  by means o f  a Hamamatsu R777 p h o t o m u l t i p l i e r  
t u b e  t h r o u g h  a c o n v e n t i o n a l  m o n o c h ro m a to r  s y s t e m .  T ime  
r e s o l v e d  d e t e c t i o n  was a c o m p l i s h e d  by  c o m p u t e r i z e d  
s c a n n i n g  on a g a t e d  i n t e g r a t o r .
2 . a . i .  Complex : CRu ( b i p y ) - . I * 3 .
T a b l e  XV . L i f e t i m e  t e m p e r a t u r e  d e p e n d e n c y  o f  
CRu ( b i p y )  i n  EtOH/MeOH ( 4 : 1 ,  v / v ) .
L u m in e s c e n c e  l i f e t i m e s  w e r e  o b t a i n e d  i n
T (K) T«, ( n s e c ) ( l / T , * . )  . 1 0 +a ( a )  1 / T  (K) . 10 ~3 (b )
9 3
2 9 8 5 7 5 1 7 4 . 0 0 3 . 3 6
2 8 4 9 6 6 1 0 3 . 6 0 3 . 5 2
2 7 3 1429 7 0 . 0 0 3 . 6 6
2 6 5 1701 5 8 . 8 0 3 . 7 8
2 5 4 1938 5 1 . 6 0 3 . 9 4
2 4 0 2212 4 5 . 2 0 4 .  16
2 3 4 2 3 3 6 4 2 . 8 0 4 . 2 7
2 2 5 2 4 7 5 4 0 . 4 0 4 . 4 5
2 1 6 2 4 2 7 4 1 . 2 0 4 . 6 2
( a )  i s  p l o t t e d  v s .  (b )  i n  F i g u r e  2 4  .
2 . a . 2 .  Complex : C R u ( b i p y ) ^ ( d i a z ) .
T a b l e  XVI . L i f e t i m e  t e m p e r a t u r e  d ep e n d e n c y  
o f  C R u C b i p y ^ C d i a z )  i n  EtOH/MeOH < 4 : 1 ,  v / v ) .
T ( K> T c ( n s e c ) <1 /T«>  . 1 0 ^ < a ) 1 /  T ( K ) . 10
175 129 7 7 . 6 0 5 . 7 2
173 168 5 9 . 6 0 5 . 7 9
165 3 7 9 2 6 . 4 0 6 . 0 5
163 6 1 7 1 6 . 2 0 6 . 14
154 1136 8 . 8 0 6 . 5 0
148 1471 6 . 8 0 6 . 7 7
9 4
139 1 6 1 3 6 . 2 0  7 . 1 8
132 1 9 2 3 5 . 2 0  7 . 5 8
124 2 2 7 3 8 . 0 6  4 . 4 0
116 3 1 2 5 8 . 6 2  3 . 2 0
(a> i s p l o t t e d  vs (b ) i n  F i g u r e  2 5  .
7  3A* • O ■ V* p Complex : CRu ( b i p y )  3 ( p y ) 2 ]-»-
T a b l e  X V I I . L i f e t i m e  t e m p e r a t u r e
o f  CRu ( b i  p y ) 2 ( p y ) i n  EtOH/MeOH ( 4 : 1 ,  v / v )
T (K) T e ( n s e c ) (1 / T « ) . 1 0 ^ B ( a ) 1 / T ( K ) . 1 0 " 3 (b )
2 3 5 93 1 0 7 . 6 0  4 . 2 6
2 3 0 116 8 6 . 4 0  4 . 3 4
2 2 7 145 6 9 . 2 0  4 . 4 0
nnn 2 8 8 3 4 . 8 0  4 . 5 1
2 1 9 3 4 7 2 8 . 8 0  4 . 5 7
2 0 5 9 9 2 1 0 . 0 8  4 . 8 8
199 1388 7 . 2 0  5 . 0 3
193 1404 7 . 1 2  5 . 1 8
191 1437 6 . 9 6  5 . 2 4
106 1453 6 . 8 8  5 . 3 8
174 1462 6 . 8 4  5 . 7 6
168 1471 6 . 8 0  5 . 9 6
161 2 0 3 3 4 . 8 0  6 . 2 2
156 2 5 0 0 4 . 0 0  6 . 4 2
145 3 0 4 9 3 . 2 8  6 . 9 0
9 5
136 3 2 8 9  3 . 0 4  7 . 3 6
( a )  i s  p l o t t e d  v s .  <b) i n  F i g u r e  2 6 .
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T a b l e  X V I I I  . C u r v e  - f i t t i n g  p a r a m e t e r s  
o b t a i n e d  f o r  t h e  p o l y p y r i d i n e  c o m p le x e s  b a s e d  upon  
e m i s s i o n  i n t e n s i t i e s  and l i f e t i m e s .
com plex  m e t h o d ( a )  A ( b )  B ( c )  A C f c m - 1 )
CRu ( b i p y ) -.3 * ^ <L> 3 . 9  . 1 0 ^  1 . 9 . 1 0 * *  3 , 8 5 9
( I )  7 . 8 6  1 . 5 6 . 1 0 ^  3 , 9 5 1
CRu ( b i  p y ) v ( d i  as ) 3 - 3 (L )  3 . 1 . 1 0 15 8 . 5 . 1 0 * * 2 , 2 7 1
( I )  5 . 5  1 . 7 . 1  O' * 1 , 8 4 6
C R u ( b i p y ) = ( p y ) = ] - ^ ( L ) 4 . 2 3 . 1 0 w 2 . 3 4 . 1 0 * *  2,758
( I )  2 1 . 0  1 . 3 5 . 1 0 "  1 , 9 5 7
( a )  : Based upon l i f e t i m e s  (L )  o r  i n t e n s i t y
( I )  m e a s u r e m e n ts .
(b )  : A = k,- + k „ r  ( s e c - * )  ( f o r  L)  .
A = ( k r + k,-,,- ) /  k,- ( u n i t l e s s )  ( f o r  I ) .
( c )  : B = k 0 ( s e c - * )  ( f o r  L ) .
B -  k0 /  k,- ( u n i  t l  e s s )  ( f o r  I ) .
97
3 .  I n t e r s y s t e m  c r o s s i n g  d e t e r m i n a t i o n s .
I n  o r d e r  t o  c h e c k  f a r t h e r  t h e  quantum y i e l d  
o f  LF p r o d u c t i o n ,  f r o m  t h e  ^MLCT s t a t e ,  t h e  
e f f i c i e n c y  o f  s e n s i t i z e d  p e r s u l f a t e  d e c o m p o s i t i o n  was 
e x a m in e d .  The m ethod p r o p o s e d  by  B o l l e t a  e t . a l .*33 was 
f o l l o w e d .  The t e c h n i q u e  i s  e s s e n t i a l l y  b as ed  on 
e l e c t r o n  t r a n s f e r  i  n v o l v i  ng t h e  ~MLCT e x c i t e d
s t a t e s  o f  t h e  c o m p le x e s  i n  t h e  p r e s e n c e  o f
S - O b ”7  i o n s ,  w h ic h  a c t  a s  t h e  o x i d i z i n g  a g e n t  .
The  p r o p o s e d  mechanism i s  shown i n  F i g u r e  2 7 .  A c c o r d i n g  
t o  t h i s  m o d e l ,  a  p l o t  o f  l / Q R u ( u )  v s .  
I / C B s Dq - ^ ]  s h o u l d  be l i n e a r  and s h o u l d  h a v e  a  
t h e o r e t i c a l  i n t e r c e p t  o f  0 . 5 .  (DR u ( 1 1 , =
d i s a p p e a r a n c e  o f  t h e  R u <1 1 ) c o m p l e x ) .  A s t e a d y  s t a t e  
t r e a t m e n t  o f  t h i s  r e a c t i o n  scheme i n d i c a t e s  t h a t ,  u n d e r  
s u f f i c i e n t l y  h i g h  c o n c e n t r a t i o n s  o f  S20B_H , t h e  
p h o t o o x i d a t i o n  i s  t h e  o n l y  d e a c t i v a t i o n  p a t h  o f  t h e  
t r i p l e t .  F u r t h e r m o r e ,  t h e  quantum y i e l d  o f  1MLCT 
f o r m a t i o n  f ro m  t h e  c o r r e s p o n d i n g  t r i p l e t  s t a t e  s h o u ld  
be u n i t y  . F o r  t h e  b i s  -  p y r i d i n e  and d i a z a f 1 u o r e n e  
c o m p l e x e s ,  t h e  p r e v i o u s  e m i s s i o n  l i f e t i m e  and quantum  
y i e l d  r e s u l t s  s u g g e s t  t h a t  t h e  r a t e  o f  LF f o r m a t i o n  
w i l l  be t o o  r a p i d  f o r  a n y  b i m o l e c u l a r  q u e n c h in g  p r o c e s s  
t o  c o m p e te  a t  a m b i e n t  t e m p e r a t u r e .
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A s t o c k  a c i d  s o l u t i o n  o f  1 . 0 . I D " 3 M
k =S=0 b i n  0 . 5 0  M Hz S0^ was p r e p a r e d .  A d e q u a t e  
d i l u t i o n s  w e re  made i n  2 5 . 0  ml v o l u m e t r i c  f l a s k s  i n
o r d e r  t o  o b t a i n  a d d i t i o n a l  p e r s u l f a t e  s o l u t i o n s  o f
5 . 0 . 10~3 M, 3 . 3 .  10“ 3 M, 2 . 5  . 10~ 3 M , and 2 . 0  
. 1 0 ~3 M. A f t e r  d e g a s s i n g  w i t h  a r g o n  f o r  t w e n t y
m i n u t e s  CRu ( b i p y )  3 ] - :2 was d i s c h a r g e d  f r o m  a  
m i c r o s y r i n g e  i n t o  each  o f  t h e s e  s o l u t i o n s  i n  o r d e r  t o  
g e t  an i n i t i a l  c o n c e n t r a t i o n  o f  a b o u t  4 . 5  . 1 0 “ ^ M.
S i n c e  t h e s e  s o l u t i o n s  w e r e  s p e c t r o p h o t o m e t r i c a l 1y  s t a b l e  
o n l y  i n  t h e  d a r k ,  c a r e  was e x e r c i s e d  i n  o r d e r  t o  a v o i d  
e x p o s u r e  t o  l i g h t .  T h e n ,  i n  each  c a s e ,  t h e  c o u r s e  o f  t h e  
p h o t o l y s i s  by  i r r a d i a t i o n  was f o l l o w e d  and was
m o n i t o r e d  a t  4 4 6  nm.
G e n e r a l  p h o t o l y s i s  c o n d i t i o n s  :
CRu ( b i p y )  = 5 .  1 0 - "- M.
L i g h t  i n t e n s i t y  = 4 . 7 4  . 1 0 " ^  e i n s t e i n / s e c .
T o t a l  i r r a d i a t i o n  t i m e  = 15 s e c .
M o l a r  a b s o r p t i o n  c o e f f i c i e n t  ( 4 4 6  nm) o f  t h e
s t a r t i n g  m a t e r i a l  = 1 3 , 1 8 5  M - Jcm- 1 .
M o l a r  a b s o r p t i o n  c o e f f i c i e n t  ( 4 4 6  nm) o f  t h e
f i n a l  p h o t o p r o d u c t  = 1 , 4 2 0  M_ 1cm~1 .
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T a b l e  X IX  . O b s e r v e d  d e p e n d e n c e  o f  t h e  
r e c i p r o c a l  quantum y i e l d  o f  o x i d a t i o n  o f
CRu ( b i p y )  t o  CRu ( b i p y ) 3 D- 3 upon







1 / B r u  < I  I  >
0 . 7 4
0 . 9 2
1. 17  
1 . 3 4  
1 . 6 0
T h e s e  r e s u l t s  a r e  p l o t t e d  i n  F i g u r e  2 8 .  They  
r e p r e s e n t  an a v e r a g e  o f  f o u r  e x p e r i m e n t a l  r u n s .
S i m i l a r  e x p e r i m e n t s  c a r r i e d  o u t  w i t h  
CRu ( b i  p y ) z  ( d i a s  ) 3“v=‘ i n d i c a t e d  t h a t  t h e r e  was no 
r e a c t i v i t y  even  when t h e  s a m p le s  w e re  i r r a d i a t e d  i n  t h e  
p r e s e n c e  o f  h i g h  c o n c e n t r a t i o n s  o f  S^Oq -
F o r  C R u ( b i p y ) ^ ( p y ) = ] - = ,  t h e  p e r s u l f a t e  
a p p e a r e d  n o t  t o  o x i d i z e  t h e  c o m p le x ;  h o w e v e r ,  t h i s  
e x p e r i m e n t  was c o m p l i c a t e d  by  t h e  f a c t  t h a t  t h e  com plex  
u n d e r g o e s  a p h o t o s u b s t i t u t i o n  r e a c t i o n  u n d e r  t h e s e  
e x p e r i m e n t a l  c o n d i t i o n s .  T h i s  p h o t o s u b s t i t u t i o n  was 
u n a f f e c t e d  by t h e  p r e s e n c e  o f  S^Oo- 3 . H e n c e ,  t h e  
3MLCT must  be  v e r y  s h o r t  -  l i v e d  .
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T a b l e  XX . E l e c t r o c h e m i c a l  D a t a  o f  some
P o l y p y r i d i n e  R u th e n iu m  ( I I )  C o m p le x e s .
Complex ( a )  A ( b )  B(c> C ( d )  D ( e )
CRu ( b i p y )  4 5 2  1 . 2 9  - 1 . 3 4  - 1 . 5 3  2 . 6 3
CRu ( b i p y ) ^ ( p y )  2 3'*'s 4 6 0  1 . 2 7 ( f )  - 1 . 4 3  - 1 . 6 0 ( f )  2 . 7 0 ( f )  
C R u ( b i p y ) = ( d i a z ) ] - ^ 4 5 0  1 . 3 0  - 1 . 3 7  - 1 . 5 1  2 . 6 7
( a )  : A b s o r p t i o n  maximum f o r  MLCT t r a n s i t i o n .
(b )  : A = Ed ( + 3 / + 2 )  ; v o l t s  v s .  SCE, CH»CN
( 0 . 0 1  M t e t r a b u t y l  ammonium h e x a f l u o r o p h o s p h a t e ) .
( c )  : B = E ~ ( + 2 / + l >  ; v o l t s  v s .  SCE, CH3.CN
( 0 . 0 1  M t e t r a b u t y l  ammonium h e x a f 1u o r o p h o s p h a t e ) .
(d )  : C = Ect ( + 1 / 0 )  ; v o l t s  v s .  SCE, CH--CN
( 0 . 0 1  M t e t r a b u t y l  ammonium h e x a f 1u o r o p h o s p h a t e ) .
( e )  : D = E i / 2 ; v o l t s  v s .  SCE, CH-jCN
( 0 . 0 1  li t e t r a b u t y l  ammonium h e x a f 1u o r o p h o s p h a t e )  .
( f )  : v o l t s  v s .  SCE, ( 0 . 1 0  M t e t r a b u t y l
ammonium p e r c h l o r a t e ) .
T h e s e  e l e c t r o c h e m i c a l  m e a s u re m e n ts  w ere  




- 1 0 0 - 5 0 0
Temp(°C)
F i g u r e  2 0  . E m i s s i o n  i n t e n s i t y  o f  CRu ( b i p y )
CRu ( b i  p y ) ^ ( d i  az ) H"-3 and CRu ( b i p y )  z  (p y )  as  a
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F i g u r e  2 1 .  T e m p e r a t u r e  d e p e n d e n c e  o-f t h e  r e l a t i v e  e m i s s i o n  
i n t e n s i t i e s  o-f C R u ( b i p y ) i n  EtOH/MeOH ( 4 : 1 ,  v / v ) .
The s o l i d  c u r v e  i s  t h e  c o m p u te r  - f i t  g e n e r a t e d  f r o m  t h e  
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F i g u r e  22  . T e m p e r a t u r e  d e p e n d e n c e  o-f t h e  r e l a t i v e  e m i s s i o n  
i n t e n s i t i e s  o f  C R u ( b i p y ) 3 < d i a z ) 1 - =  i n  EtOH/MeOH ( 4 : 1 , v / v ) .  
The s o l i d  c u r v e  i s  t h e  c o m p u te r  f i t  g e n e r a t e d  f r o m  t h e  










00*001 00*08 00*09 O Q 'O fi
F i g u r e  2 3  . T e m p e r a t u r e  d e p e n d e n c e  o-f t h e  r e l a t i v e  e m i s s i o n
i n t e n s i t i e s  o f  CRu ( b i p y )  2 ( p y )  - ,3 -3  i n  EtOH/MeOH ( 4 : 1 , v / v ) .  
The  s o l i d  c u r v e  i s  t h e  c o m p u te r  f i t  g e n e r a t e d  f r o m  t h e  
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l/Tem pxlO 3
F i g u r e  2 4 .  T e m p e r a t u r e  d e p e n d e n c e  o-f t h e  e m i s s i o n  l i f e t i m e  
o f  CRu ( b i p y )  3 ] - = : i n  EtOH/MeOH ( 4 : 1 ,  v / v ) .  The  s o l i d  
c u r v e  i s  t h e  c o m p u te r  f i t  g e n e r a t e d  f r o m  t h e  p a r a m e t e r s
g i v e n  i n  T a b l e  X V I I I .
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F i g u r e  2 5 .  T e m p e r a t u r e  d e p e n d e n c e  o f  t h e  r e l a t i v e  e m i s s i o n  
l i f e t i m e s  o f  C R u ( b i p y ) 2 ( d i a z ) 3 * =  i n  EtOH/MeOH ( 4 : 1 , v / v ) .  
The s o l i d  c u r v e  i s  t h e  c o m p u te r  f i t  g e n e r a t e d  f r o m  t h e  
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F i g u r e  2 6  • T e m p e r a t u r e  d e p e n d e n c e  o f  t h e  r e l a t i v e  e m i s s i o n  
i n t e n s i t i e s  o-f CRu ( b i p y )  a ( p y )  = j n EtOH/MeOH ( 4 : 1 ,  v / v ) .
The s o l i d  c u r v e  i s  t h e  c o m p u te r  - f i t  g e n e r a t e d  -from t h e  
p a r a m e t e r s  g i v e n  i n  T a b l e  X V I I I .
loa
h>>
(®ct)ru(ii) -V e - - 6  ■ nu(ni)+so4i+so4"
^ A s
F i g u r e  2 7 .  R e a c t i o n  scheme -for t h e  p h o t o o x i d a t i o n  o f
CRu ( b i p y )  .3 3* 3 and CRu (p h e n )  b y  S= 0 e _=:
i o n s .
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F i g u r e  2 8  . D e p en d e n ce  o-f t h e  r e c i p r o c a l  quantum y i e l d  o f  
o x i d a t i o n  o f  C R u ( b i p y ) t o  C R u ( b i p y ) 3 ] + ’  u p 0n 
1 /  C S20 B - = ] .
1 1 0
C. ION P A IR IN G  EFFECT UPON PHOTOSUBSTITUTION  
QUANTUM Y IELDS o f  c i s  -  b i s p y r i d y l  b i s  -  2 , 2 ’ b i p y r i d y l  
r u t h e n i u m ( I I ) h e x a f l u o r o p h o s p h a t e  t e t r a h y d r a t e  AT 2 9 8  
K I N  0 . 0 1  M TBAX (X = C l C I O * - )  I N  MIXTURES OF 
DIOXANE AND WATER .
1 .  D e t e r m i n a t i o n  o f  m o l a r  a b s o r p t i o n  
c o e f f  i  c i  e n t s .
The a b s o r p t i o n  s p e c t r u m  o f  t h e  com plex  
C R u ( b i p y ) = DPED^= e x h i b i t s  f e a t u r e s  s i m i l a r  t o  t h o s e  
o f  C R u ( b i p y ) = ( p y ) d u r i n g  e a c h  s t a g e  o f  t h e  
p h o t o l y s i s .  F o r  t h i s  r e a s o n ,  CRu ( b i p y ) =.DPE]",‘2  was  
used t o  e s t i m a t e  t h e  m o l a r  a b s o r p t i o n  c o e f f i c i e n t  
( E p h i )  f o r  t h e  f i r s t  i n t e r m e d i a t e  i n  t h e  p h o t o l y s i s  
o f  C R u ( b i p y ) = (p y )
A known c o n c e n t r a t i o n  o f  t h e  com plex  was 
p r e p a r e d  i n  9 5 / 5 ,  v : v  d i o x a n e / w a t e r  -  m i x t u r e ,  and t h e  
m o l a r  a b s o r p t i o n  c o e f f i c i e n t  a t  4 5 0  nm was d e t e r m i n e d .  
N e x t ,  s o l i d  TBAC1 was added  and t h e
C R u ( b i p y ) ^ D P E ] * 3 was q u a n t i t a t i v e l y  c o n v e r t e d  by  a  
d a r k  r e a c t i o n  t o  t h e  m o n o c h lo r o  -  c o m p lex  and t h e  
r e s p e c t i v e  m o l a r  a b s o r p t i o n  c o e f f i c i e n t  was e v a l u a t e d .  
F i n a l l y ,  t h e  s a m p le  was p h o t o l y z e d  t o
CRu(b i  p y > = C 1 .
The r e s p e c t i v e  m o l a r  a b s o r p t i o n  c o e f f i c i e n t s
Ill
a t  4 5 0  nm w e r e  e v a l u a t e d  t o  b e  a s  9 , 2 1 7 ,  6 , 4 5 2 ,  and
5 , 3 0 0  r e s p e c t i v e l y .  The  same r a t i o  o f  t h e
m o l a r  a b s o r p t i o n  c o e f f i c i e n t s  was assumed t o  b e  v a l i d  
f o r  a l l  t h e  d i f f e r e n t  d i o x a n e / w a t e r  s o l u t i o n s  o f
C R u ( b i p y ) 2 ( p y ) t h a t  w e r e  s t u d i e d .
T a b l e  X X I .  A b s o r p t i o n  c h a r a c t e r i s t i c s  o f  t h e
c o m p le x e s  CRu ( b i p y )  zDPEI"-3  and
CRu ( b i  p y ) = ( p y ) 2 ]-*-= i n  a 9 5 / 5 ,  v : v  d i o x a n e / w a t e r  
m i x t u r e  .
Complex ( a )  (b )  ( c )
C R u ( b ip y )^ D P E H * 3 4 5 0 ( 9 , 2 1 7 )  5 0 4 ( 8 , 3 0 0 )  5 4 3 ( 9 , 2 0 0 )
C R u ( b i p y ) 3 ( p y ) 3 ] - =  4 5 2 ( 9 , 0 0 0 )  5 0 2 ( ------------ ) 5 4 2 ( 9 , 2 3 0 )
( a )  : A. , nm( ED ) , s t a r t i n g  c o m p le x .
(b )  : A m « « ,  nm( Ep h i ) , m o n o c h lo r o  c o m p l e x 551.
{c ) > A  m *n . nm( E p h z ) , C R u ( b i p y ) 2C I 2 3
T a b l e  X X I I .  M o l a r  a b s o r p t i o n  c o e f f i c i e n t s  
(E0 ) a t  4 5 0  nm, o f  t h e  c o m p le x e s  CRu ( b i  p y )  zDPED-*-35 
and C R u ( b i p y ) = ( p y ) z ] * 3  i n  a  9 5 / 5 ,  v : v
d i o x a n e / w a t e r  m i x t u r e  a s  w e l l  a s  o f  t h e i r  r e s p e c t i v e  
m o n o c h lo r o  (E ptni )  and d i c h l o r o  (E ph2 )
1 1 2
p h o t o s u b s t i t u t i o n  p r o d u c t s .
C R u ( b i p y ) =;DPE3'-=; C R u ( b i p y ) z ( p y ) z l -
E0 9 , 2 1 7 9 , 0 0 0
EPhi 6 , 4 5 2 6 , 6 3 0  (a)
Ep h2 5 , 3 0 0 3 , 9 0 0
E o / E p h 2 <b) 1 . 7 2 . 3
Eph 1 /Eph32 ( C  ) 1 . 2 1 . 7
EP/EPhi 1.4 1 . 4 ( d )
( a )  : M o l a r  a b s o r p t i o n  c o e f f i c i e n t  e v a l u a t e d
b y  ass um ing  t h a t  t h e  same r a t i o  o f  t h e  q u o t i e n t s  
b e tw e e n  t h e  known m o l a r  a b s o r p t i o n  c o e f f i c i e n t s  
<E0 /Ep,h Z ) (b )  o f  t h e  CRu ( b i p y )  2 ( p y )  2,;]--= and  
CRu <bi p y ) = DPE]'*'Z c o m p le x e s  i s  a l s o  v a l i d  f o r  t h e  
q u o t i e n t s  (Ep h i / E p h 2 ) ( c )  f o r  t h e  same compounds.
B e low  a r e  shown t h e  c a l c u l a t i o n s  made w i t h  
u s e  o f  t h e  p r e v i o u s  a s s u m p t i o n s .
(E° / E p h 2 ) , f o r  CRu ( b i p y )  2  (p y )  z ] -"3  : (ED/ E p h 2 ) ,
f o r  C R u ( b i p y ) = D P E ] * Z =
2 . 3  : 1 . 7  = 1 . 4
1 1 3
From t h i s  r e s u l t  and t h e  a s s u m p t i o n  t h a t  t h e  
same r a t i o  h o l d s  f o r  t h e  f a l l o w i n g  e x p r e s i o n  :
( E p h 1 / E p h z )  2 ( E p h 1 / E p h z )  =  1 « 4
T h e n ,  (Epf , i / E p h 2 ) f o r  C R u (b i  p y ) z ( p y ) 3 ] - =  =  ( 1 .  4 ) „ ( l . 2 )
= 1 . 7
Ep,h 1 = ( 1 .  7 )  . ( 3 ,  9 0 0 )  = 6 , 6 3 0  ( v a l u e  e s t i m a t e d  
and t a b u l a t e d  i n  ( a )  o f  t h e  p r e v i o u s  T a b l e  X X I ) .
The  r e p o r t e d  v a l u e  o f  t h e  a b s o r p t i o n  m o l a r  
c o e f f i c i e n t  a t  A  l o c a t e d  a t  5 0 5  nm o f  t h e  c o m p le x ,  
CRu ( b i p y )  z  (p y )  C13'*'1 , i n  CH2 C12 s o l u t i o n  (D = 9 )
10s 0 5 2 0 0  = l . M eyer  and co -  w o r k e r s
h a v e  r e c o g n i z e d  t h e  common d i f f i c u l t y  i n  g e t t i n g  good  
m e a s u r e m e n ts  o f  t h e  m o l a r  a b s o r p t i o n  c o e f f i c i e n t s  o f  t h e  
i n t e r m e d i a t e s  b e i n g  g e n e r a t e d  d u r i n g  p h o t o l y s i s  
e x p e r i m e n t s  b e c a u s e  o f  t h e  l a r g e  number o f  s p e c i e s  
g e n e r a l l y  p r e s e n t ,  a l l  o f  w h ic h  v e r y  o f t e n  a b s o r b  a t  
n e a r l y  t h e  same w a v e l  e n g t h 551; b e s i d e s ,  t h e
p h o t o g e n e r a t e d  i n t e r m e d i a t e s  c a n n o t  a l w a y s  be  
c o n v e n i e n t l y  p r e p a r e d  by  i n d e p e n d e n t  means.
As a f i n a l  r e s u l t ,  i n c l u d e d  i n  (d )  o f  t h e
1 1 4
p r e v i o u s  t a b l e ,  t h e  r a t i o  ED/Ep,i-,i o-f
C R u ( b i p y ) 2  C p y ) z l * 3  becomes 9 , 0 0 0 / 6 , 6 3 0  = 1 . 4
2 .  P h o t o l y s i s  o-f CRu ( b i p y ) = ( p y )  a t
2 9 8  K i n  0 . 0 1  M i n  TBAC1 ( m i x t u r e s  o-f d i o x a n e  and  
M a t e r ) .
G e n e r a l  e x p e r i m e n t a l  c o n d i t i o n s .
C R u ( b i p y ) z ( p y ) = 3 . g  . 10 - =  M .
L i g h t  i n t e n s i t y  = 3 . 9  . 10 - ^ e i n s t e i n / s e c
T o t a l  i r r a d i a t i o n  t i m e  = 8 0  sec  .
M o l a r  a b s o r p t i o n  c o e f f i c i e n t  o f  t h e  s t a r t i n g  
com plex  ( 4 5 0  nm) = 9 , 0 0 0  .
M o l a r  a b s o r p t i o n  c o e f f i c i e n t  o f  t h e  f i r s t  
p h o t o p r o d u c t (4 5 0  nm) = 6 , 6 3 0  M~*cm_ 1 .
N o t e  : F o r  ea c h  m i x t u r e ,  2 0 . 0  ml w e r e  p r e p a r e d .
T a b l e  X X I I X .  De pende nce  o f  t h e
p h o t o s u b s t i t u t i o n  quantum y i e l d  a s  a f u n c t i o n  o f  t h e  
p o l a r i t y  o f  t h e  medium ( m i x t u r e s  o f  d i o x a n e  and w a t e r ,
0 . 0 1  M i n  TBAC1) .
mi x t u r e
( d i o x a n e / w a t e r , v :  v )  D ( a )  M (Hz 0 )  (b > Qph, 1. 1 0 - 3  (c )  
5 0 / 5 0  3 2 . 5  2 7 . 7 8  2 . 3 6
1 1 5
6 0 / 4 0 2 6 . 5 2 2 . 2 2 2 . 4 3
7 0 / 3 0 2 0 .  1 1 6 . 6 7 4 . 8 9
8 0 / 2 0 1 2 . 5 1 1 . 1 1 6 . 8 2
9 0 / 1 0 5 . 6 5 . 5 6 8 . 3 7
9 5 / 5 3 . 9 2 . 7 8 1 4 . 3 7
( a )  : D i e l e c t r i c  c o n s t a n t  o-f t h e  m i x t u r e ;  t h e
v a l u e s  w e r e  e s t i m a t e d  f r o m  d a t a  r e p o r t e d  , w h e r e  t h e  
c o n d u c t a n c e  o f  so d iu m  c h l o r i d e  a t  2 9 8  K was m e as u red  i n  
d i o x a n e  -  w a t e r  m i x t u r e s  c o v e r i n g  t h e  r a n g e  o f  d i e l e c t r i c  
c o n s t a n t  1 2 . 2 4  < D < 7 8 . 5 4  ( r e s p e c t i v e l y  c o r r e s p o n d i n g  t o  
7 9 . 9  % i n  w e i g h t ,  and 0  '/., i n  d i o x a n e ) .  A l s o  w e r e  
c o n s i d e r e d  d a t a  r e p o r t e d 055 w h e r e  t h e  s o l u b i l i t y  o f  K I 0 3 
and Z n ( I 0 3 ) z  was s t u d i e d  i n  d i f f e r e n t  d i o x a n e  -  w a t e r  
m i x t u r e s  c o v e r i n g  t h e  r a n g e  o f  d i e l e c t r i c  c o n s t a n t  2 . 1 0  < D 
< 7 8 . 5  ( r e s p e c t i v e l y  c o r r e s p o n d i n g  t o  p u r e  d i o x a n e ,  and  
p u r e  w a t e r ) .
D e n s i t y  o f  w a t e r  was c o n s i d e r e d  t o  b e  1 g / L ,  
and t h a t  o f  d i o x a n e ,  0 . 9 8  g / L .
(b )  ! C (d M30 ) ( v „ 2 0 ) /  1 0 . 0  1 /  2 0 . 0 . 1 0 “ *  = M (H=0)
( c )  : E v a l u a t e d  w i t h  a v a i l a b l e  p r o g r a m ; v e r a g e  o f  t h r e e  
r u n s .
3 .  P h o t o l y s i s  o f  C R u ( b i p y ) 2 ( p y ) a t
1 1 6
2 9 8  K i n  0 . 0 1  M i n  TBAC1 ( m i x t u r e  o-f d i o x a n e  and w a t e r ,  
9 0 / 1 0  ( v s v ) ) ,  w i t h  e x c e s s  f r e e  p y r i d i n e  l i g a n d  p r e s e n t .
T a b l e  X X IV .  D e p e n d e n c e  o f  t h e
p h o t o s u b s t i t u t i o n  quantum  y i e l d  a s  a  f u n c t i o n  o f  t h e  
p y r i d i n e  c o n c e n t r a t i o n .
f r e e  Cpy3,M  
0.00
4 . 0  . 1 0 - *
7 . 7  . 1 0 - *
2 6 . 1  . 1 0 - *
( a )  : A v e r a g e  o f  tw o
f r e e  p y r i d i n e  l i g a n d  d o e s  
c o u r s e  o f  t h e  p h o t o l y s i s  
and no i m p o r t a n t  d e v i a t i  
f o r  Opt-,i a r e  d e t e c t e d .
Gphi.10*z (a>




r u n s .  The p r e s e n c e  o f
n o t  s i g n i f i c a n t l y  c h a n g e  t h e  
. The same b a n d s  a r e  o b s e r v e d  
ons i n  t h e  v a l u e s  c a l c u l a t e d
4 .  P h o t o l y s i s  o f  CRu ( b i p y )  =» ( p y )  a t
2 9 8  K i n  0 . 0 1  M i n  TBAC1 CL» (mi x t u r e s  o f  d i o x a n e  and  
w a t e r ) .
G e n e r a l  e x p e r i m e n t a l  c o n d i t i o n s .  
C R u ( b ip y > 2 ( p y ) 2 ] - =  =  5 . 2  . 1 0 - ®  M
1 1 7
L i g t h  i n t e n s i t y  = 3 . 9  . 10 - "7 e i n s t e i n / s e c
T o t a l  i r r a d i a t i o n  t i m e  = 3 0  s e c  .
M o l a r  a b s o r p t i o n  c o e f f i c i e n t  o f  t h e  s t a r t i n g  
com p lex  ( 4 5 0  nm) = 9 , 0 0 0  M_ l cm- 1 .
M o l a r  a b s o r p t i o n  c o e f f i c i e n t  o f  t h e  f i r s t  
p h o t o s u b s t i t u t i o n  p r o d u c t ( 4 5 0  nm) = 6 , 6 3 0  M- 1 cm- 1 .
T a b l e  XXV. D e p e n d e n c e  o f  t h e  p h o t o s u b s t i t u t i o n  
quantum y i e l d  as  a  f u n c t i o n  o f  t h e  p o l a r i t y  o f  t h e  
medium ( m i x t u r e s  o f  d i o x a n e  and w a t e r  , 0 . 0 1  M i n  
TBAC1CL,) .
mi x t u r e
( d i  o x a n e / w a t e r ) D M (HZD) Qph i • 1 0 *
5 0 / 5 0 3 2 . 5 2 7 . 2 8 6 . 4 3
7 0 / 3 0 2 0 .  1 1 6 . 6 7 7 . 4 3
9 0 / 1 0 5 . 6 5 . 5 6 7 . 7 2
( a )  : A v e r a g e  o f  tw o  r u n s .  The  same p a r a m e t e r s
t h a t  w e r e  used  p r e v i o u s l y  w e r e  u se d  e v e n  th o u g h  t h e
d e t e c t e d  p h o t o p r o d u c t s  w e r e  d i f f e r e n t .
I n  t h i s  r e g a r d ,  a f t e r  e x t e n s i v e  p h o t o l y s i s ,  
t h e  f i n a l  i r r a d i a t e d  s o l u t i o n  had a  c l e a r l y  d a r k  -  
g r e e n  c o l o r  i n s t e a d  o f  t h e  t y p i c a l  p u r p l e  c o l o r  o f
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C R u ( b i p y ) = C1Z 3 s o l u t i o n s .  An a b s o r p t i o n  s p e c t r u m  
t a k e n  a f t e r  3  h o u r s  o f  f u l l  i r r a d i a t i o n  shows maxima  
l o c a t e d  a t  4 7 0  and 6 4 0  nm.
T h e  i n i t i a l  CRu ( b i p y )  ( p y )  2 l + 2  s o l u t i o n  
had an i n i t i a l  maximum l o c a t e d  a t  a b o u t  4 5 0  nm , and a  
p h o t o p r o d u c t  a b s o r b i n g  a t  4 7 0  was d e t e c t e d  a f t e r  10 sec  
o f  p h o t o l y t i c  i r r a d i a t i o n .
T h e r e f o r e ,  t h e  p h o t o r e a c t i v i t y  i n  m i x t u r e s
0 . 0 1  M i n  TBAC1CL* seems t o  be  v e r y  d i f f e r e n t  f r o m  t h e  
o b s e r v e d  b e h a v i o r  o f  0 . 0 1  M TBAC1 i n  d i o x a n e / w a t e r  
m i x t u r e s .
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D. EFFECT OF CHELATE RING S I Z E  ON THE 
PHOTOSUBSTITUTION REACTION OF POLYPYRID INE RUTHENIUM 
( I I )  COMPLEXES.
S e v e r a l  new p o l y p y r i d i n e  l i g a n d s  (L )  w i t h  tw o  
p y r i d i n e  r i n g s  l i n k e d  b y  m e t h y l e n e  b r i d g e s  o f  d i f f e r e n t  
1 e n g t h s  w e r e  s y n t h e s i z e d .  The c o r r e s p o n d i n g
C R u ( b i p y ) 2 L ] +Z c o m p l e x e s  w e r e  p r e p a r e d  and t h e i r  
p h o t o p h y s i c a l  and p h o t o c h e m i c a l  p r o p e r t i e s  w e re  
e x a m in e d .
A s i m i l a r  s e r i e s  o f  c o m p l e x e s ,  a l s o  h a v i n g  t h e  
p r e v i o u s l y  m e n t i o n e d  f o r m u l a t i o n ,  b u t  i n  t h i s  c a s e  
p r e p a r e d  w i t h  l i g a n d s ,  L , t h a t  h a v e  t w o  a m in e  g r o u p s  
l i n k e d  by  m e t h y l e n e  b r i d g e s  o f  d i f f e r e n t  l e n g t h s ,  w e re  
a l s o  i n v e s t i g a t e d .
1.  C o m p le x e s  C R u ( b i p y ) 3 L 1 ^ 3 w h e r e  t h e  L ' s  
a r e  m e t h y l e n e  -  l i n k e d  p y r i d i n e  l i g a n d s .
1 . a . P h o t o p h y s i c a l  P r o p e r t i e s .
l . a . l .  E m i s s i o n  p r o p e r t i e s  a t  7 7  K.
The  e m i s s i o n  p r o p e r t i e s  o f  t h e  c o m p l e x e s
1 2 0
C R u ( b i p y ) z L J * 3 , i n  w h ic h  t h e  l i g a n d s ,  L ,  a r e  t h o s e  
shown i n  F i g u r e  2 9 ,  w e r e  d e t e r m i n e d  a t  7 7  K , i n  
EtOH/MeOH ( 4 : 1  , v / v )  . T h e s e  d e t e r m i n a t i o n s  w e r e  made
by  means o f  t h e  p r o c e d u r e s  d e s c r i b e d  i n  t h e  
e x p e r i m e n t a l  s e c t i o n .  The  r e s u l t s  a r e  shown i n  T a b l e  
X X V I .
T a b l e  X X V I . E m i s s i o n  p r o p e r t i e s  o f  t h e  b i s  
( b i p y ) ,  m e t h y l e n e  -  l i n k e d  p y r i d i n e  r u t h e n i u m  c o m p le x e s  
a t  7 7  K .
Complex A.m«*(nrn) GU ( a ) T „ ( / i s e c ) ( a ) A ( b )  B ( c )
CRu ( b i p y )  5 7 8  0 . 3 7 6  5 . 2 ( d )  7 . 2  1 . 2
C R u ( b i p y ) = ( p i c ) 2 ] - ^  5 9 2  0 . 4 1  5 . 6  7 . 3  1 . 1
C R u ( b i p y ) = D P M ] -^  5 8 4  0 . 5 6  7 . 2  7 . 7  0 . 6
C R u ( b i p y ) z D P E l - ^  6 0 5  0 . 1 1  7 . 5  1 . 5  1 . 2
( a )  : A t  7 7  K i n  EtOH/MeOH ( 4 : 1 ,  v / v ) .
(b )  : A = k . - . l O - ' *  ; c a l c u l a t e d  f r o m  kr- =  Q., /  T „  .
( c )  : B = kn r  . lO"*"5* ; c a l c u l a t e d  f r o m  k nr- = 1 / T „  -  k,- .
(d )  : R e f e r e n c e ® * .
l . a . 2 .  T e m p e r a t u r e  d e p e n d e n c e  o f  t h e  e m i s s i o n  
quantum y i e l d  o f  c o m p le x e s  CRu ( b i p y ) i n  
EtOH/MeOH ( 4 : 1 ,  v / v ) .
1 2 1
l . a . 2 . 1 .  L = 2 , 2 ’ -  b i p y r i d i n e  ( b i p y ) .
E m i s s i o n  p a r a m e t e r s  r e p o r t e d  i n  T a b l e  XX IX  
w e r e  t a k e n  f r o m  d a t a  p r e v i o u s l y  p u b l  i s h e d e<:>.
l . a . 2 . 2 .  L = b i s  -  p i c o l i n e  ( p i c )  .
T a b l e X X V I I . T e m p e r a t u r e d e p e n d e n o
e m i s s i o n quantum y i e l d o f  C R u ( b i p y ) = ( p i c )
T ( K> Q « . 10~ 1 /Q « 1 / T  ( K ) . 1 0
127 4 0 0 . 0 2 . 5 7 . 8 7
143 3 8 4 . 6 2 . 6 6 . 9 9
171 3 2 2 . 6 3 .  1 5 . 8 5
180 1 8 5 . 2 5 . 4 5 . 5 6
191 1 2 9 . 9 7 . 7 5 . 2 4
197 9 7 .  1 1 0 . 3 5 . 0 8
2 0 7 4 5 . 2 2 2 . 1 4 . 8 3
2 1 3 2 7 . 8 3 6 . 0 4 . 6 9
222 1 5 . 0 6 6 .8 4 . 5 0
241 4 . 2 2 4 0 . 1 4 .  15
D a t a  o b t a i n e d  i n  t h i s  w ork  a r e  d i s p l a y e d  as  
1 /Q v  v s .  1 / T „  (K) i n  F i g u r e  3 0 .
1 2 2
l . a . 2 . 3 .  L = d i p y r i d y l m e t h a n e  (D P M ) .
T a b l e  X X V I I I  . T e m p e r a t u r e  d e p e n d e n c e  o f  t h e  
e m i s s i o n  quantum y i e l d  o f  CRu ( b i p y ) ^ D P M I - ^ .
T CK) Q » . 1 0 *3 1 /Q « 1 / T  ( l O . l O - 3
117 4 3 4 . 8 2 . 3 8 . 5 5
132 4 1 6 . 7 2 . 4 7 . 5 8
146 2 3 2 . 6 4 . 3 6 . 8 5
152 1 4 4 . 9 6 . 9 6 . 5 8
160 7 1 . 9 1 3 . 9 6 . 2 5
168 3 1 . 2 3 2 .  1 5 . 9 5
179 1 1 .6 8 6 . 1 5 . 5 9
183 8 . 2 1 2 1 .8 5 . 4 6
191 3 . 8 2 6 1 . 6 5 . 2 4
2 0 9 1 .1 9 0 9 . 0 4 . 7 8
D a t a  o b t a i n e d  i n  t h i s  work  a r e  p r e s e n t e d  as  
1 / Q *  v s .  1 /T « . (K )  and a r e  shown i n  F i g u r e  3 1 .
l . a . 2 . 4 .  L = d i p y r i d y l e t h a n e  ( D P E ) .
F o r  C R u ( b i p y ) ^ D P E ] * 3 , t h e  e m i s s i o n  
i n t e n s i t y  a b o v e  t h e  g l a s s  t r a n s i t i o n  t e m p e r a t u r e  <^»95K)
1 2 3
was t o o  lo w  f o r  a c c u r a t e  e v a l u a t i o n  o-f quantum  
y i e l d s .
T a b l e  X X IX .  P a r a m e t e r s  o f  t h e  p h o t o p h y s i c a l  
p r o p e r t i e s  o f  p o l y p y r i d i n e  c o m p l e x e s  w i t h  a  m e t h y l e n e  -  
l i n k e d  p y r i d i n e  l i g a n d  i n  EtOH/MeOH ( 4 : 1 ,  v / v )  , b as ed  
upon e m i s s i o n  i n t e n s i t i e s .
com plex A B A E  (c m " 1 ) ( a )
C R u ( b i p y > 7 . 8 6 1 . 5 6  . 1 0 —* 3 , 9 5 1
C R u ( b i p y ) ^ ( p i c ) 2 ]-^2 3 0 . 5 4 6 . 6 7  . 1 0 —* 3 ,  194
CRu ( b i p y ) z D P M l '*3 5 .  12 1 . 8 0  . 10 -** 3 , 0 7 2
A  =  ( k , -  +  k „ , - )  /  k r -
B =  k D / k ^
( a ) :  E n e r g y  d i f f e r e n c e  b e t w e e n  t h e  LF and  t h e  
3 MLCT e x c i t e d  s t a t e s .
The  F i g u r e s  3 0  and 31 a r e  r e p r e s e n t a t i v e  o f  
t h e  p r o c e d u r e  i n  w h ic h  t h e  e x p e r i m e n t a l  e m i s s i o n  
i n t e n s i t i e s  a t  d i f f e r e n t  t e m p e r a t u r e s  d a t a  w e r e  
a n a l y z e d  i n  o r d e r  t o  f i t  t h e  E q u a t i o n  ( 2 )  w i t h  t h e  
p u r p o s e  o f  f u r t h e r  e v a l u a t i o n  o f  t h e  quantum  y i e l d  o f  
LF p r o d u c t i o n  a t  2 9 8  K .
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1 /  QK -  C k r  + k n r ]  /  k r  + C k ^ / k , - 3 e  A e / R T  
1 /  Q„ =  k + k ' e ~  ( 2 )
l . a . 3 .  T e m p e r a t u r e  d e p e n d e n c e  o f  t h e  e m i s s i o n  
quantum  y i e l d  o f  c o m p l e x e s  C R u ( b i p y ) s L l * 3 i n  
CH^CN.
The t e m p e r a t u r e  d e p e n d e n c e  o f  t h e  e m i s s i o n  
i n t e n s i t y  was d e t e r m i n e d  f o r  a l l  t h e s e  c o m p l e x e s  i n  
CH3 CN o v e r  t h e  r a n g e  2 7 3  K -  3 3 3  K. T h e  n o n l i n e a r
A r r h e n i u s  p l o t  was f i t  t o  E q . ( 2 )  i n  o r d e r  t o  e v a l u a t e  
t h e  p r o b a b i l i t y  o f  p o p u l a t i o n  o f  t h e  LF s t a t e  a t  2 9 8  K.  
A g a i n ,  t h e  e m i s s i o n  o f  C R u ( b i p y ) z D P E l - 3  was so  weak  
t h a t  a s i m i l a r  s t u d y  was n o t  a t t e m p t e d .  The c o l l e c t e d  
d a t a  a r e  p r e s e n t e d  i n  T a b l e  XXX .
T a b l e  XXX. P a r a m e t e r s  o f  t h e  p h o t o p h y s i c a l  
p r o p e r t i e s  o f  p o l y p y r i d i n e  c o m p l e x e s  w i t h  a  m e t h y l e n e  -  
l i n k e d  p y r i d i n e  l i g a n d ,  i n  CH3 CN , b as ed  upon e m i s s i o n  
i n t e n s i t i e s .
Complex A B A E ( c m _ l ) ( a )  P ( a )
C R u ( b i p y ) 1 1 .9  8 . 4  3 , 4 2 4  0 . 3 0
C R u ( b i p y ) 3 ( p i c ) 2 D-=* 2 , 5 4 8  2 , 3 5 0  3 , 0 6 4  0 . 6 4
1 2 5
C R u (b ip y )^ D P M ] - 3 6 9 4  3 , 7 0 0  3 , 5 7 8  0 . 6 1
A = (kr- + k „ _ )  /  k-v
B = k ra /  k^
P = f r a c t i o n  o f  MLCT e x c i t e d  s t a t e s  t h a t  
d e c a y  v i a  p o p u l a t i o n  o f  t h e  LF s t a t e .
( a )  : i n  CH3 CN
l . a . 4 .  T e m p e r a t u r e  d e p e n d e n c e  o f  t h e  e m i s s i o n  
quantum y i e l d  o f  C R u ( b i p y ) = L 3 * 2 c o m p l e x e s ,  i n  
C H z C l j j ,  and i n  H20 .
U n f o r t u n a t e l y ,  t h e  LF p r o d u c t i o n  i n  t h e s e  
s o l v e n t s  c o u l d  n o t  be e v a l u a t e d .  I d e a l l y ,  t h e  e m i s s i o n  
l i f e t i m e  s h o u l d  b e  e x a m in e d  as  a  f u n c t i o n  o f  
t e m p e r a t u r e .  H o w e v e r ,  e x c e p t  f o r  t h e  c a s e  o f  
CRu ( b i p y )  t h e  e m i s s i o n  i n t e n s i t i e s  w e r e  so lo w
t h a t  t h e  l i f e t i m e  d e t e r m i n a t i o n s  a t  2 9 8  K w e re  
u n f e a s a b l e  w i t h  t h e  a v a i l a b l e  a p p a r a t u s .  C o n s e q u e n t l y ,  
o n l y  t h e  e m i s s i o n  i n t e n s i t i e s  w e r e  d e t e r m i n e d  a s  a  
f u n c t i o n  o f  t e m p e r a t u r e .  N e v e r t h e l e s s ,  i n  t h e  
t e m p e r a t u r e  r a n g e  2 7 3  -  3 0 8  K, t h e  o b s e r v e d  v a r i a t i o n s  
i n  i n t e n s i t i e s  c o u l d  n o t  be  f i t  t o  E q . ( 2 )  w i t h  
r e a s o n a b l e  c o e f f i c i e n t s ,  i n  c o n t r a s t  t o  t h e  r e s u l t s  
o b t a i n e d  i n  CH3 CN w h ic h  w e r e  c o m p a r a t i v e l y  w e l l
1 2 6
b e h a v e d .  I n  s h o r t ,  t h e  i n f o r m a t i o n  g a t h e r e d  a b o u t  t h e  
t e m p e r a t u r e  d e p e n d e n c y  o f  t h e s e  c o m p l e x e s  i n  CHZC1^ 
and H= D, had t o  be  d i s r e g a r d e d  f o r  t h e  p r e s e n t  s t u d y .
I n  T a b l e s  XXXI  and X X X I I  a r e  p r e s e n t e d  t h e  
r e s p e c t i v e  e m i s s i o n  quantum  y i e l d s  o f  t h e s e  c o m p l e x e s  i n  
CH^CN and i n  C H ^ C l^ .
T a b l e  X X X I . E m i s s i o n  p r o p e r t i e s  o f  
CRu ( b i p y ) = L 3 * :Z c o m p l e x e s ,  i n  CH3CN, a t  2 9 8  K.
Complex A  m«.x
0. .  10-*-=
C R u ( b i p y ) 3 3 ~2 621 6 . 2 ( b )
C R u ( b i p y ) 2 ( p i c ) e ] - 3  6 3 5  0 . 0 9 3
C R u ( b i p y ) ^ D P M l - 3 6 2 4  0 . 1 9 0
(b )  : R e f e r e n c e 4 9 .
T a b l e  X X X I I .  E m i s s i o n  p r o p e r t i e s  o f
C R u ( b i p y >e L I * 3 c o m p l e x e s ,  i n  CH3 C 1 = ,  a t  2 9 8  K.
Complex A  m-x Q . . 1 0 * 3
C R u ( b i p y ) 6 2 4  2 . 9 ( b )
CRu ( b i p y )  =. ( p i c )  zD * 3 631  0 . 0 4
C R u ( b i p y ) = DPM] * 3 6 2 6  0 . 0 8
1 2 7
(b )  : R e f e r e n c e ' * 9 .
l . b .  P h o t o c h e m i c a l  S t u d i e s .
T h e  p h o t o s u b s t i t u t i o n  quantum y i e l d s  w e r e
d e t e r m i n e d  by  means o f  t h e  p r o c e d u r e s  d e s c r i b e d  i n  t h e  
e x p e r i m e n t a l  s e c t i o n .  T h e  d i s a p p e a r e n c e  o f  t h e  s t a r t i n g  
m a t e r i a l  was f o l l o w e d  by  a b s o r p t i o n  s p e c t r o s c o p y  d u r i n g  
t h e  r e a c t i o n  ’ s  i n i t i a l  s t a g e s  w h i l e  an  i s o s b e s t i c
p o i n t  ( I P )  was s t i l l  m a i n t a i n e d .
T h e  m o l a r  a b s o r p t i o n  c o e f f i c i e n t s  o f  t h e
CRu ( b i p y )  3 ( p i c )  z ] - 31, C R u ( b i p y ) 3 ( p i c )  (H= 0 ) 3*=%
C R u ( b ip y )  = ( p i c ) C l  I * 1 , and c i s  - C R u ( b i p y ) 3 (Hz 0 ) 3 ] += 
c o m p l e x e s ,  i n  t h e  a p p r o p i a t e  s o l v e n t s ,  w e r e  e v a l u a t e d .
F o r  CRu ( b i p y )  zDPM]- '3 , t h e  i n t e r m e d i a t e
c o m p le x e s  c o u l d  n o t  be  p r e p a r e d  by  t h e  u s u a l  m e th o d s .  
C o n s e q u e n t l y ,  t h e  r e q u i r e d  m o l a r  a b s o r p t i o n
c o e f f i c i e n t s  o f  t h e  p h o t o p r o d u c t s  w e r e  e s t i m a t e d  by  
e x a m i n i n g  C R u ( b i p y ) 3DPE ] - 3 ; t h i s  com p lex  was f o u n d  
t o  be  t h e r m a l l y  u n s t a b l e  i n  b o t h  a  s o l u t i o n  0 .0 1  M
1 2 8
TBAC1 i n  CH= C12 and i n  0 . 5 0  M H2S 0 * .  Known 
c o n c e n t r a t i o n s  o f  CRu ( b i p y ^ D P E l ^3 i n  CH^Cl^  
and Hz 0  w e r e  p r e p a r e d  i n  CH2 C1= and Hz 0 and t h e  
m o l a r  a b s o r p t i o n  c o e f f i c i e n t s  a t  4 5 0  nm w e re  
d e t e r m i n e d .  N e x t ,  e i t h e r  TBAC1 o r  Hz S0^ was a d d e d ,  
and t h e  C R u ( b i p y ) ^ D P E l ^  was q u a n t i t a t i v e l y  
c o n v e r t e d  t o  e i t h e r  t h e  m o n o c h lo r o  o r  t h e  monoaquo  
com plex  and t h e  m o l a r  a b s o r p t i o n  c o e f f i c i e n t s  w e re  
e v a l u a t e d .  F o r  C R u ( b i p y ) ^ D P M l - 2 , t h e  same r a t i o  o f  
t h e  m o l a r  a b s o r p t i o n  c o e f f i c i e n t s  o f  t h e  i n i t i a l  
com plex  and t h e  m o n o s u b s t i t u t e d  p h o t o p r o d u c t  a s  t h a t  
f o u n d  f o r  C R u ( b i p y ) eDPE ] - 2 was assumed.
The i n t e r m e d i a t e  com plex  g e n e r a t e d  i n  t h e  
p h o t o l y s i s  o f  C R u ( b i p y ) c a n n o t  be  d e t e c t e d ;  
a p p a r e n t l y ,  t h i s  com p lex  r e v e r t s  t o  t h e  o r i g i n a l  
compound o r  p r o c e e d s  t o  C R u ( b i p y ) 2C12 1 . The I P  
m a i n t a i n e d  t h r o u g h o u t  t h e  p h o t o r e a c t i o n  seems t o  
i n d i c a t e  t h a t  t h e s e  d e c a y  p a t h w a y s  a r e  t h e r m a l l y  r a p i d .  
M o l a r  a b s o r p t i o n  c o e f f i c i e n t s  o f  t h e  d i s u b s t i t u t e d  
p h o t o p r o d u c t s  w e r e  used  i n  t h e  quantum y i e l d  
e v a l u a t i o n s  o f  C R u ( b i p y )
The a b s o r p t i o n  s p e c t r a  o f  a l l  f o u r  c o m p le x e s  
a f t e r  e x t e n s i v e  p h o t o l y s i s  w e r e  i d e n t i c a l  and m atched
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t h e  a b s o r p t i o n  s p e c t r u m  o-f CRu ( b i p y )  =C12 ] .
l . b . l .  Complex : CRu ( b i p y )
l . b . 1 . 1 . P h o t o l y s i s  o f  CRu ( b i p y ) 3 3 ‘*'3 i n  a
0 . 0 1  M s o l u t i o n  o f  TBAC1 i n  CH= C1= a t  2 9 8  K .
G e n e r a l  e x p e r i m e n t a l  c o n d i t i o n s  :
C R u ( b i p y ) 3 3 * 3  =  5  . l O -55 M .
L i g h t  I n t e n s i t y  = 1 . 5 3  . 10 - s  e i n s t e i n / s e c  .
T o t a l  i r r a d i a t i o n  t i m e  = 120  s ec
M o l a r  a b s o r p t i o n  c o e f f i c i e n t  o f  t h e  s t a r t i n g
com p lex  ( 4 5 0  nm) = 1 5 , 3 0 0
M o l a r  a b s o r p t i o n  c o e f f i c i e n t  o f  t h e  
p h o t o p r o d u c t  ( 4 5 0  nm) =  3 , 9 0 0  M- 1cm~1 *
A t y p i c a l  s e r i e s  o f  s p e c t r a  s h o w in g  t h e  
p h o t o l y t i c  c h a n g e s  i n  t h e  a b s o r p t i o n  s p e c t r u m  f o r  a
t o t a l  i r r a d i a t i o n  t i m e  o f  1 , 2 0 0  s ec  i s  shown i n  F i g u r e
3 2  .
l . b . 1 . 2 .  P h o t o l y s i s  o f  C R u ( b i p y ) i n  a
0 . 0 1  M s o l u t i o n  o f  TBAC1 i n  CH3 CN a t  2 9 8  K.
G e n e r a l  e x p e r i m e n t a l  c o n d i t i o n s  :
1 3 0
CRu ( b i p y )  33 -"= = 5  . 10“ = M.
L i g h t  i n t e n s i t y  = 2 . 7 5  . 1 0 - ®  e i n s t e i n / s e c .
T o t a l  i r r a d i a t i o n  t i m e  = 120  s e c .
M o l a r  a b s o r p t i o n  c o e f f i c i e n t  o f  t h e  s t a r t i n g  
com p lex  ( 4 5 0  nm ) = 1 4 , 9 0 0
M o l a r  a b s o r p t i o n  c o e f f i c i e n t  o f  t h e
p h o t o p r o d u c t  ( 4 5 0  nm) =  3 , 8 7 0  M“ l cm- 1 .
l . b . 1 . 3 .  P h o t o l y s i s  o f  C R u ( b i p y ) 3 ] ^ =  i n
0 . 5 0  M H= S 0 *  a t  2 9 8  K.
G e n e r a l  e x p e r i m e n t a l  c o n d i t i o n s  :
C R u ( b i p y ) 3 ] ^ =  = 5  . 10- ®  M.
L i g h t  i n t e n s i t y  = 3 . 3 1  . 10~® e i n s t e i n / s e c .
T o t a l  i r r a d i a t i o n  t i m e  = 120  s e c .
M o l a r  a b s o r p t i o n  c o e f f i c i e n t  o f  t h e  s t a r t i n g  
com p lex  ( 4 5 0  nm) = 1 4 , 1 8 0  M- 1cm- * .
M o l a r  a b s o r p t i o n  c o e f f i c i e n t  o f  t h e
p h o t o p r o d u c t  ( 4 5 0  nm) = 3 , 1 4 0  M_ 1cm- 1 .
U n d e r  t h e s e  c o n d i t i o n s ,  CRu ( b i p y ) 3 3""= was  
p h o t o s t a b l e ,  and p r a c t i c a l l y  no p h o t o a q u a t i o n  was  
o b s e r v e d  e v e n  a f t e r  v e r y  l o n g  i r r a d i a t i o n  t i m e s .
l . b . 2 .  Complex : C R u ( b i p y ) z ( p i c ) 2 ] + z .
1 3 1
1.  b .  2 . 1 .  P h o t o l y s i s  o f  CRu ( b i p y )  2 ( p i c )  
i n  a  0 . 0 1  M s o l u t i o n  o f  TBAC1 i n  CH= C1= a t  2 9 8  K.
G e n e r a l  e x p e r i m e n t a l  c o n d i t i o n s  :
CRu ( b i p y ) z  ( p i c )  s. ] - 3 =  5  . 1 0 “ *  M.
L i g h t  i n t e n s i t y  = 1 . 5 3 . 10~ B e i n s t e i n / s e c .
T o t a l  i r r a d i a t i o n  t i m e  = 5 0  s e c .
M o l a r  a b s o r p t i o n  c o e f f i c i e n t  o f  t h e  s t a r t i n g  
com p lex  ( 4 5 0  nm) = 1 0 , 3 8 5  M ^ c m - 1 .
M o l a r  a b s o r p t i o n  c o e f f i c i e n t  o f  t h e  
p h o t o p r o d u c t  ( 4 5 0  nm) =  6 , 1 7 8  M_ 1cnt_ 1 .
The  c h a n g e s  i n  t h e  a b s o r p t i o n  s p e c t r u m  t h a t  
o c c u r  d u r i n g  a t y p i c a l  p h o t o l y s i s  d u r i n g  a t o t a l  
i r r a d i a t i o n  t i m e  o f  1 , 2 0 0  s e c  a r e  shown i n  F i g u r e  3 3  .
1 . b . 2 . 2 . P h o t o l y s i s  o f  C R u ( b i p y ) 2 ( p i c ) z ] + a  
i n  a 0 . 0 1  M s o l u t i o n  o f  TBAC1 i n  CH^CN a t  2 9 8  K.
G e n e r a l  e x p e r i m e n t a l  c o n d i t i o n s  ; 
C R u ( b i p y ) = ( p i c ) 2 3 - =  = 8  . 10 - ®  M.
L i g h t  i n t e n s i t y  = 2 . 7 5  . 1 0 ~ °  e i n s t e i n / s e c .  
T o t a l  i r r a d i a t i o n  t i m e  = 9 0  s e c .
M o l a r  a b s o r p t i o n  c o e f f i c i e n t  o f  t h e  s t a r t i n g
1 3 2
co m p le x  ( 4 5 0  nm) =  9 , 1 3 0  M- 1cm- 1 .
M o l a r  a b s o r p t i o n  c o e f f i c i e n t  o f  t h e
p h o t o p r o d u c t  ( 4 5 0  nm) =  6 , 4 6 1  M- 1cm_ 1 .
l . b . 2 . 3 . P h o t o l y s i s  o f  C R u ( b i p y ) z ( p i c ) z 3+ z  
i n  0 . 5 0  M H= SCU a t  2 9 8  K.
G e n e r a l  e x p e r i m e n t a l  c o n d i t i o n s  : 
C R u ( b i p y ) z ( p i c ) 2 3~z  = 6  . 1 0 ~ *  M.
L i g h t  i n t e n s i t y  = 3 . 3 1  . 10 _E* e i n s t e i n / s e c .  
T o t a l  i r r a d i a t i o n  t i m e  = 3 0  s e c .
M o l a r  a b s o r p t i o n  c o e f f i c i e n t  o f  t h e  s t a r t i n g  
com plex  ( 4 5 0  nm) = 9 , 8 3 0  M_ 1c(n- ’ .
M o l a r  a b s o r p t i o n  c o e f f i c i e n t  o f  t h e
p h o t o p r o d u c t  ( 4 5 0  nm) =  7 , 7 2 0  M_ 1cm- 1 .
l . b . 3 .  Complex  : C R u ( b i p y ) =DPMD^= .
l . b . 3 . 1 .  P h o t o l y s i s  o f  C R u ( b i p y ) s D P M l * 3 
i n  a 0 . 0 1  M s o l u t i o n  o f  TBAC1 i n  CH= C13 a t  2 9 8  K.
G e n e r a l  e x p e r i m e n t a l  c o n d i t i o n s  :
C R u ( b ip y )^ D P M ] - 3 = 7  . 1 0 - =  M.
L i g h t  i n t e n s i t y  = 1 . 5 3  . 10 -6* e i n s t e i n / s e c .  
T o t a l  i r r a d i a t i o n  t i m e  = 5 0  s e c .
1 3 3
M o l a r  a b s o r p t i o n  c o e - f f i c i e n t  o-f t h e  s t a r t i n g  
com plex  ( 4 5 0  nm) = 9 , 9 9 4  M- l cm_ l .
M o l a r  a b s o r p t i o n  c o e f f i c i e n t  o f  t h e
p h o t o p r o d u c t  ( 4 5 0  nm) = 5 , 0 1 4  M- 1cm~l .
The c h a n g e s  i n  t h e  a b s o r p t i o n  s p e c t r u m  t h a t  
o c c u r  d u r i n g  a t y p i c a l  p h o t o l y s i s  d u r i n g  a t o t a l  
i r r a d i a t i o n  t i m e  o f  1 , 2 0 0  sec  a r e  shown i n  F i g u r e  3 4 .
l . b . 3 . 2 .  P h o t o l y s i s  o f  CRu ( b i p y )  eDPMII '*'2 
i n  a  0 . 0 1  M s o l u t i o n  o f  TBAC1 i n  CH3 CN a t  2 9 8  K.
G e n e r a l  e x p e r i m e n t a l  c o n d i t i o n s  ;
C R u ( b i p y ) = DPM3^3  = 5  . 10 - =  M.
L i g h t  i n t e n s i t y  = 2 . 7 5  . 10~B e i n s t e i n / s e c .
T o t a l  i r r a d i a t i o n  t i m e  = 9 0  s e c .
M o l a r  a b s o r p t i o n  c o e f f i c i e n t  o f  t h e  s t a r t i n g  
com plex  ( 4 5 0  nm) = 8 , 9 6 3  M_ 1cm~1 .
M o l a r  a b s o r p t i o n  c o e f f i c i e n t  o f  t h e
p h o t o p r o d u c t  ( 4 5 0  nm) = 6 , 1 3 2  M~1cm~1 .
l . b . 3 . 3 .  P h o t o l y s i s  o f  C R u ( b i p y ) = DPMD- 2 i n
0 . 5 0  M H:=SQ„ a t  2 9 8  K.
G e n e r a l  e x p e r i m e n t a l  c o n d i t i o n s
1 3 4
CRu ( b i p y )  sDPMD’*'3  = 7  . 1 0 “ = M.
L i g h t  i n t e n s i t y  = 3 . 3 1  . 10~e e i n s t e i n / s e c .
T o t a l  i r r a d i a t i o n  t i m e  = 6 0  s e c .
M o l a r  a b s o r p t i o n  c o e f f i c i e n t  o f  t h e  s t a r t i n g  
com plex  ( 4 5 0  nm) = 1 0 , 4 4 0  M_ > c(n- 1 .
M o l a r  a b s o r p t i o n  c o e f f i c i e n t  o f  t h e  
p h o t o p r o d u c t  ( 4 5 0  nm) =  8 , 2 4 0  M” 1c m " 1 .
l . b . 4 .  Complex : C R u ( b i p y ) ZD P E ] * 3 .
l . b . 4 . 1 .  P h o t o l y s i s  o f  C R u ( b i p y ) 3 DPE3* Z i n  
CH2C12 0 . 0 1  M TBAC1 a t  2 9 8  K.
T h i s  com p lex  Mas t h e r m a l l y  u n s t a b l e  when 
TBAC1 was added t o  t h e  CH= C1E s o l u t i o n .  The  i n i t i a l  
s p e c t r u m  had an a b s o r p t i o n  maximum l o c a t e d  a t  4 5 0  nm 
and a f t e r  t h e  a d d i t i o n  o f  t h e  c h l o r i d e  s a l t ,  a  new 
maximum became e v i d e n t  a t  5 0 4  nm. I t  was d e t e r m i n e d  
t h a t  t h i s  m o n o c h lo r o  i n t e r m e d i a t e  ( v i d e  i n f r a )  was 
s t a b l e  i n  t h e  d a r k  f o r  a t  l e a s t  one h o u r .  A s a m p le  o f  
t h e  i n t e r m e d i a t e  c o m p l e x ,  was p h o t o l y z e d  a f t e r  i t  was  
s t o r e d  3 0  min  i n  t h e  d a r k  .
G e n e r a l  e x p e r i m e n t a l  c o n d i t i o n s  :
" CRu ( b i p y )  3 C1 ( p y ' -  CH2CH2 -  p y )  3 + * ••
1 3 5
= 9 . 1 . 1 0 - =  M.
L i g h t  i n t e n s i t y  = 1 . 5 3  . 1 0 -63 e i n s t e i n / s e c .  
T o t a l  i r r a d i a t i o n  t i m e  = 3 0  s e c .
M o l a r  a b s o r p t i o n  c o e f f i c i e n t  o f  t h e  m o n o c h lo r o  
i n t e r m e d i a t e  ( 5 1 0  nm) =  8 , 7 9 4  M_ 1o n - 1 .
M o l a r  a b s o r p t i o n  c o e f f i c i e n t  o f  t h e  
p h o t o p r o d u c t  ( 5 1 0  nm) = 5 , 0 1 3  M_ 1c n r 1 .
The  c h a n g e s  i n  t h e  a b s o r p t i o n  s p e c t r u m  t h a t  
o c c u r  d u r i n g  a t y p i c a l  p h o t o l y s i s  d u r i n g  a  t o t a l  
i r r a d i a t i o n  t i m e  o f  1 , 2 0 0  s e c  a r e  shown i n  F i g u r e  3 5 .
l . b . 4 . 2 .  P h o t o l y s i s  o f  CRu ( b i  p y )  zDPED* 3 
i n  a 0 . 0 1  M s o l u t i o n  o f  TBAC1 i n  CH-,CN a t  2 9 8  K .
G e n e r a l  e x p e r i m e n t a l  c o n d i t i o n s  :
CRu ( b i  p y )  ^ D P E l"*-3 = 6  . 1 0 “ = M.
L i g h t  i n t e n s i t y  = 2 . 7 5  . 10~ B e i n s t e i n / s e c .  
T o t a l  i r r a d i a t i o n  t i m e  = 9 0  s e c .
M o l a r  a b s o r p t i o n  c o e f f i c i e n t  o f  t h e  s t a r t i n g  
com p lex  ( 4 5 0  nm) = 1 0 , 4 4 2  M ^ c m - 1 .
M o l a r  a b s o r p t i o n  c o e f f i c i e n t  o f  t h e  
p h o t o p r o d u c t  ( 4 5 0  nm) = 6 , 8 7 1  M - 1c m - 1 .
l . b . 4 . 3 .  P h o t o l y s i s  o f  C R u ( b i p y ) z D P E l * 2 i n
1 3 6
0 . 5 0  M H= SCU a t  2 9 8  K.
As i n  a  0 . 0 1  M s o l u t i o n  o-f TBAC1 i n
CHSC1= , w h e r e  t h e  s t a r t i n g  co m p le x  was t h e r m a l l y  
u n s t a b l e ,  CRu ( b i p y )  ^DPE ]""52 was a l s o  u n s t a b l e  i n
t h i s  medium, 0 . 5 0  M H= S 0 ^ ; s o l v o l y s i s  p r o d u c e d  t h e
monoaquo c o m p l e x .  The  i n t e r m e d i a t e  i n  a q u e o u s  a c i d i c  
s o l u t i o n s  was a l s o  t h e r m a l l y  s t a b l e ,  b u t  upon  
p h o t o l y t i c  i r r a d i a t i o n  u n d e r w e n t  p h o t o s u b s t i t u t i o n  
r e a d i l y .
U n f o r t u n a t e l y ,  t h e  p h o t o l y s i s  e x p e r i m e n t s ,  
d e s i g n e d  t o  d e t e r m i n e  quantum y i e l d s ,  l e d  t o  w i d e l y  
v a r y i n g  r e s u l t s  (Qpl-, = 0 . 3 5  t o  1 . 0 )  and showed l i t t l e  
r e p r o d u c i b i 1 i t y .  A t  l e a s t ,  a  v a l u e  o f  0 . 3  c o u l d  be
c l e a r l y  e s t a b l i s h e d  as  a  l o w e r  l i m i t .
The  c o l l e c t e d  v a l u e s  o f  t h e  quantum  y i e l d s  o f  
p h o t o s u b s t i t u t i o n  f o r  t h e s e  c o m p l e x e s  a t  2 9 8  K a l o n g  
w i t h  t h o s e  o f  CRu ( b i p y ) 3]"*'12 r e p o r t e d  p r e v i o u s l y ' ’ '5’ 
a r e  shown i n  T a b l e  X X X I I I .  A l s o  r e p o r t e d  i n  t h e  same 
T a b l e  X X X I I I  a r e  t h e  c a l c u l a t e d  quantum y i e l d s  f o r  LF  
f o r m a t i o n  .
T a b l e  X X X I I I .  Quantum y i e l d s  o f
p h o t o s u b s t i t u t i o n  and o f  p r o d u c t i o n  o f  t h e  h i g h e r  l y i n g
1 3 7
LF s t a t e  f o r  b i s ( b i p y )  , m e t h y l e n e  -  l i n k e d  p y r y d i n e  
r u t h e n i u m  c o m p le x e s  a t  2 9 8  K .
Complex CH=C13 ( a )  CH.,CN(a) 0 . 5 0  M H^SCU
(b)  ( c )  (b )  ( c )  (b )  ( c )
C R u ( b i p y ) , ] - = o . 0 4  0 . 9 3 ( d )  0 . 0 0 3  0 . 5 4 ( d )  < 1 . 10~ *  0 . 2 2 (d )
CRu ( b i p y )  2 ( p i c )  z l -*-2 0 . 1 7  1 . 0  0 . 2 1  1 . 0  0 . 2 4  1 . 0
C R u ( b i p y ) 3 D P M ]*=  0 . 2 1  1 . 0  0 . 2 4  1 . 0  0 . 0 4  1 . 0
C R u ( b i p y ) 0 . 5 8 ( e )  -------  0 . 1 8    < 0 . 3 ( e )  ---
( a )  : S o l u t i o n  0 . 0 1  M i n  TBAC1.
( b )  : Qph : P h o t o s u b s t i t u t i o n  quantum y i e l d ;
a v e r a g e  o f  v a l u e  o b t a i n e d  f o r  a t  l e a s t  t h r e e  p h o t o l y s i s  
c a r r i e d  o u t  u n d e r  t h e  g e n e r a l  c o n d i t i o n s  p r e v i o u s l y  
t a b u l a t e d .  D a t a  w e r e  a n a l y z e d  w i t h  a v a i l a b l e  p ro g ra m  
d e s c r i b e d  i n  e x p e r i m e n t a l  s e c t i o n .
( c )  : Ql_f  : Quantum y i e l d  o f  LF p r o d u c t i o n .
(d )  : R e f e r e n c e * ' 5' .
( e )  : P h o t o l y s i s  o f  i n t e r m e d i a t e  com p lex  , s i n c e  
t h e  s t a r t i n g  m a t e r i a l  was t h e r m a l l y  u n s t a b l e .
-  (6 T ’"^o)
complexes :
n = 0 bipy
n = 1 DPM
n s2 DPE
n = ® pic2
[(bipy)2Ru CT2


















8 .0 07.507.006.506 .0 05.50  
l / T E M P x l O + 3
5.00. 00
F i g u r e  3 0  . T e m p e r a t u r e  d e p e n d e n c e  o f  t h e  r e l a t i v e  e m i s s i o n  
i n t e n s i t i e s  o f  C R u ( b i p y ) 2 ( p i c ) z ] * 3  i n EtOH/MeOH ( 4 : l , v / v ) .  
The s o l i d  c u r v e  i s  t h e  c o m p u te r  f i t  g e n e r a t e d  u s i n g  




2 M  29.6 306 31.2 32.0 32J 336 346 3S.2
1/TE M P  (KELVIN)x104
F i g u r e  31 . T e m p e r a tu r e  d e p e n d e n c e  o f  t h e  r e l a t i v e  e m is s io n  
i n t e n s i t i e s  o f  CRu ( b i p y )  i n  EtOH/MeOH < 4 : 1 ,  v / v )  .
The  s o l i d  c u r v e  i s  t h e  c o m p u te r  f i t  g e n e r a t e d  f ro m  t h e  
p a r a m e t e r s  g i v e n  i n  T a b l e  X X IX .
141
A
4 5 0  5 5 0  6 5 0  7 5 0
X(nm)
F i g u r e  3 2  . A b s o r p t io n  s p e c t r a  d u r i n g  t h e  p h o t o l y s i s  o f  
C R u ( b i p y ) i n  0 . 0 1  M TBAC1 i n  CH2 C1Z . The  
p h o t o l y s i s  t im e s  ( i n  s e c o n d s )  a r e  : c u r v e  a ,  0 ;  c u r v e  b ,  15;  
c u r v e  c ,  3 0 ;  c u r v e  d ,  4 5 ;  c u r v e  e ,  6 0 ;  c u r v e  f ,  180 ;  c u r v e  g ,  
3 0 0 ;  c u r v e  h ,  6 0 0 ;  c u r v e  i ,  1 , 2 0 0 .
142
A
5 0 0 6 0 0 7 0 0
X(nm)
F i g u r e  3 3  . A b s o r p t io n  s p e c t r a  d u r i n g  t h e  p h o t o l y s i s  o f
C R u ( b i p y ) s ( p i c ) i n  0 . 0 1  M TBAC1 i n  CHZC1Z . T h e  
p h o t o l y s i s  t im e s  ( i n  s e c o n d s )  a r e  : c u r v e  a ,  0 ;  c u r v e  b ,  15;  
c u r v e  c ,  3 0 ;  c u r v e  d ,  4 5 ;  c u r v e  e ,  6 0 ;  c u r v e  f ,  IS O ; c u r v e  g ,  
3 0 0 ;  c u r v e  h ,  6 0 0 ;  c u r v e  i ,  1 , 2 0 0 .
143
A
4 5 0 5 5 0 6 5 0 7 5 0
\ ( n m )
F i g u r e  3 4  . A b s o r p t io n  s p e c t r a  d u r i n g  t h e  p h o t o l y s i s  o f
C R u ( b ip y ) 2 DPM3*3 i n  0 . 0 1  M TBAC1 i n  CH3 C12 . The  
p h o t o l y s i s  t im e s  ( i n  s e c o n d s )  a r e  : c u r v e  a ,  0 ;  c u r v e  b ,  15;  
c u r v e  c ,  3 0 ;  c u r v e  d ,  4 5 ;  c u r v e  e ,  6 0 ;  c u r v e  f ,  IS O ; c u r v e  g ,  
3 0 0 ;  c u r v e  h ,  6 0 0 ;  c u r v e  i ,  1 , 2 0 0 .
144
5 0 0  560
A
4 5 0 550 650 7 5 0
X(nm)
F i g u r e  3 5  . A b s o r p t io n  s p e c t r a  d u r i n g  t h e  p h o t o l y s i s  o f  
C R u ( b ip y ) 3 C l ( p y ’ -  CH^CH^ -  p y ) 3 - 1 i n  0 . 0 1  M TBAC1 i n  
CHraCls. The  p h o t o l y s i s  t im e s  ( i n  s e c o n d s )  a r e  : c u r v e  
a ,  0 ;  c u r v e  b ,  15 ; c u r v e  c ,  3 0 ;  c u r v e  d ,  4 5 ;  c u r v e  e ,  6 0 ;  
c u r v e  f ,  1B0; c u r v e  g ,  3 0 0 ;  c u r v e  h ,  6 0 0 ;  c u r v e  i ,  1 , 2 0 0 .
2 .  C o m p lexes  C R u ( b ip y ) 2 L ] * 3 i n  w h ic h  t h e  
L ’ s a r e  m e t h y le n e  -  l i n k e d  d ia m in e  l i g a n d s  .
2 . a . P h o t o p h y s i c a l  p r o p e r t i e s .
2 . a . i .  E m is s io n  p r o p e r t i e s  a t  7 7  K .
The 7 7  K e m is s io n  quantum  y i e l d s  o f  t h e
c o m p le x e s  C R u ( b i p y ) i n  w h ic h  t h e  l i g a n d s ,  L , 
a r e  t h o s e  shown i n  F i g u r e  3 6 ,  w e re  d e t e r m in e d  i n
EtOH/MeOH ( 4 : 1 ,  v / v ) . The  r e s u l t s  a r e  shown i n  T a b le  
X X X IV .
T a b le  X X X IV .  E m is s io n  p r o p e r t i e s  o f  t h e  b i s  
( b i p y )  -  m e t h y le n e  -  l i n k e d  d ia m in e  r u t h e n iu m  c o m p le x e s  
a t  7 7  K.
Complex Xm -K (nm) Q« T« ( ^ s e c ) ( a ) A (b )  B ( c )
C R u ( b ip y ) 3 ] ~ =  5 7 8  0 . 3 7 6 ( d )  5 . 2 1  7 . 2  1 . 2
C R u ( b ip y ) z ( e n ) I * 3 6 7 0  0 . 0 3 4  0 . 9 6 ( d )  3 . 5  1 0 .1
C R u ( b ip y ) = ( t n ) D * 3 6 7 5  0 . 0 2 3  --------  ------  ------
( a ) :  A t  7 7  K i n  EtOH/MeOH ( 4 : 1 ,  v / v ) .
( b ) :  A = k,_ . lO-"*- ; c a l c u l a t e d  f ro m  kr- = Q „ /
( c ) :  B = k n r  . 10+=l ; c a l c u l a t e d  f ro m  kn r  = 1 / T „  -  k r
1 4 6
(d )  R e f e r e n c e 0 6 .
N o te  : The  e m is s io n  quantum  y i e l d s  o f
C R u ( b ip y ) e ( e n ) D - 3 , and C R u ( b i p y ) ^ ( t n ) H * 3 w e re  
e v a l u a t e d  by  means o f  t h e  s t a n d a r d  p r o c e d u r e  d e s c r ib e d  
i n  t h e  e x p e r i m e n t a l  s e c t i o n .  was 4 7 5  nm f o r
a l l  t h r e e  c o m p le x e s  and t h e  5 3 0  -  8 3 0  nm e m is s io n  r a n g e  
was s c a n n e d .  I n t e g r a l s  o f  t h e  c o r r e c t e d  e m is s io n  
s p e c t r a  p r e s e n t e d  i n  w avenum bers  w e re  e v a l u a t e d .  The  
e x c i t a t i o n  s l i t w i d t h  was p e r m a n e n t ly  s e t  a t  1 6 . 0 .  F o r  
t h e  s t a n d a r d ,  CRu ( b i p y ) * 1 + * ,  t h e  e m is s io n  s l i t w i d t h  
was s e t  a t  1 . 0 ,  and i n  o r d e r  t o  o b t a i n  a  s u f f i c i e n t l y  
h ig h  i n t e n s i t y  f o r  t h e  o t h e r  c o m p le x e s  a s e t t i n g  o f  8 . 0  
was n e c e s s a r y  . C o n s e q u e n t ly ,  a  c o r r e c t i o n  f a c t o r  o f  
3 7 . 6 3  p r e v i o u s l y  p r e s e n t e d  i n  t h e  c a l i b r a t i o n  c u r v e  a t  
7 7  K i n  t h e  e x p e r i m e n t a l  s e c t i o n  ( T a b l e  I I )  was used  by  
means o f  t h e  s i m p l i f i e d  e x p r e s s i o n  :
Dm = C Q „ ( I „ / I » ) ]  /  3 7 . 6 3
2 . a . 2 .  E m is s io n  quantum  y i e l d s  a t  2 9 8  K.
2 . a . 2 . 1 .  S o l v e n t  : EtOH/MeOH ( 4 : 1 , v / v ) .
T a b le  XXXV. E m is s io n  quantum  y i e l d s  o f  
b i s ( b i p y )  -  m e t h y le n e  -  l i n k e d  d ia m in e  r u t h e n iu m
1 4 7
c o m p le x e s  i n  EtOH/MeOH ( 4 : 1 ,  v / v ) a t  2 9 8  K.
co m p lex X maK
CRu ( b i p y )  - t ] - 2 6 1 0 0 . 0 2 9
C R u ( b ip y ) = (e n ) 6 7 2 0 . 0 0 1 7
C R u ( b ip y ) z ( t n ) 681 0 . 0 0 1 3
2 . a . 2 . 2 .  S o l v e n t  : H =0 .
T a b le  X X X V I.  E m is s io n  quantum  y i e l d s  o-f
b i s ( b i p y )  -  m e t h y le n e  -  l i n k e d  d ia m in e  r u t h e n iu m  
c o m p le x e s  i n  H^O a t  2 9 8  K .
comp1 ex X  m  /-v
CRu ( b i p y )  3 6 1 4 0 . 0 4 2
C R u ( b ip y ) = > ( e n ) 1 * ^ 691 0 . 0 0 1 5
C R u ( b ip y ) 2 ( t n ) 1 * ^ 7 0 2 0 . 0 0 1 2
N o te  : A g a in ,  was 4 7 5  nm f o r  t h e  t h r e e
c o m p le x e s  and t h e  5 3 0  -  8 3 0  nm r a n g e  was s c a n n e d .  The
e x c i t a t i o n  s l i t w i d t h  was s e t  a t  1 6 . 0 .  In  t h i s  c a s e ,  f o r  
C R u ( b i p y ) s i * 2 , t h e  e m is s io n  s l i t w i d t h  was s e t  a t  2 . 0  
w h i l e  f o r  t h e  o t h e r  c o m p le x e s  a  s e t t i n g  o f  1 6 . 0  was 
n e c e s s a r y .
T h e r e f o r e ,  a c o r r e c t i o n  f a c t o r  o f  1 6 9 . 3 1 / 3 . 8 3
1 4 8
= 4 4 . 2 1  , o b t a i n e d  b y  means o f  t h e  v a l u e s  p r e s e n t e d  in  
t h e  c a l i b r a t i o n  c u r v e  f o r  2 9 8  K, ( T a b l e  I ) ,  was u se d  i n  
t h e  f o l l o w i n g  s i m p l i f i e d  e x p r e s s i o n  :
Qx = C Q„ ( I M / I „  ) 2 /  4 4 . 2 1  .
2 . a . 3 .  T e m p e r a tu r e  d e p e n d e n c e  o f  t h e  e m is s io n
quantum  y i e l d  o f  c o m p le x e s  C R u ( b i p y ) i n
EtOH/MeOH ( 4 s 1, v / v ) .
2 . a . 3 . 1 .  L = 2 , 2 ’ -  b i p y r i d i n e  ( b i p y ) .
The e m is s io n  p a r a m e t e r s  a r e  r e p o r t e d  i n  T a b le  
X X X V I I .  T h e y  w e re  t a k e n  f ro m  t h e  l i t e r a t u r e 0 * .
2 . a . 3 . 2 .  L =  e t h y l e n e d i a m i n e  (e n )  .
D a ta  o b t a i n e d  i n  t h i s  w ork  w e re  p l o t t e d  as
1/Qe. v s .  1 / T  (K) and a r e  p r e s e n t e d  i n  F i g .  3 7 .
2 . a . 3 . 3 .  L = t r i m e t h y l e n e d i a m i n e  ( t n )  .
D a ta  o b t a i n e d  i n  t h i s  w ork  w e re  p l o t t e d  as
1 /Q „  v s .  1 / T  (K) and a r e  p r e s e n t e d  i n  F i g . 3 8 .
The p a r a m e t e r s  o b t a i n e d  f o r  t h e s e  p o l y p y r i d i n e
c o m p le x e s  when t h e  non -  l i n e a r  A r r h e n i u s  p l o t  was
f i t t e d  t o  Eq . ( 2 )  a r e  d i s p l a y e d  i n  T a b le  X X X V I I .
1 4 9
T a b le  X X X V I I .  P a r a m e te r s  o f  t h e  p h o t o p h y s i c a l  
p r o p e r t i e s  o f  p o l y p y r i d i n e  c o m p le x e s  w i t h  a  m e t h y le n e  -  
l i n k e d  d ia m in e  l i g a n d  b a s e d  upon e m is s io n  i n t e n s i t i e s .
com plex  A ( a )  B (b )  A E (c m - 1 ) ( c )
CRu ( b i p y ) 7 . 8 6 1 . 5 6  .1 0 * * * 3 , 9 5 1
CRu ( b i p y )  = (e n )  I * 32 8 . 5 1 1 . 7 2  . l O - - 5’ 3 ,  114
C R u ( b i p y ) ^ ( t n ) I * 3 7 .  14 1 . 4 8  . 1 0 * ® 2 , 8 1 4
(a )  : A = (k,- + k,-,,-) /  k,_
(b )  : B = k0  /  k^
( c )  : E n e r g y  d i f f e r e n c e  b e tw e e n  t h e  LF and t h e  -3 MLCT 
e x c i t e d  s t a t e s .
2 . a . 4 .  D e t e r m i n a t i o n  o f  l i f e t i m e s  o f  
c o m p le x e s  a t  2 9 8  K.
T a b le  X X X V I I I .  L i f e t i m e s  o f  p o l y p y r i d i n e  
c o m p le x e s  w i t h  a m e t h y le n e  -  l i n k e d  d ia m in e  l i g a n d  a t  
2 9 8  K.
com plex  C H z C lz  ( a )  CH= C1Z 0 . 0 1  M TE A C 1(b )
CRu ( b i p y ) = (e n )  I"*"2  2 2 7  119
1 5 0
C R u ( b ip y ) 3 ( t n ) H -*-2 168 113
(a )  A v e r a g e  o f  tw o  m e a s u re m e n ts  ; u n i t s  a r e  n s e c .
(b )  One m eas u rem en t o n l y .
2 . a . 5 .  Q u e n c h in g  o f  e m is s io n  o f
C R u ( b ip y ) 3 ( e n ) ] - =  a t  2 7 8  K.
2 . a . 5 . 1 .  In  CH3 C I 3 by  F e r r o c e n e .
T a b le  X X X IX .  Q u e n c h in g  o f  t h e  e m is s io n  o f
C R u ( b ip y ) 3 ( e n ) i n  CH3CI3 a t  2 9 8  K by  
F e r r o c e n e .
C F e r r  3 . 1 0 - ^ , M  
0.00
I . 6 9  
3 . 3 7  
5 . 0 5  
6 . 7 3  
8 . 4 1
I I .  19
1.00
1 . 19  
1 . 4 7  
1 . 7 3  
1 .9 1
2 .  17  
2 . 4 9
s l o p e  ( K s v ) , M _1 1 3 6 0  ±  3 0
1 5 1
( a )  : The  e m is s io n  s p e c t r a  w e re  c o r r e c t e d  and  
i n t e g r a t e d  o v e r  t h e  r a n g e  5 5 0  -  8 2 0  nm. T h r e e  r u n s  w e re
a v e r a g e d .  = 4 9 0  nm. The s l i t w i d t h s  o f  b o t h  t h e
e x c i t a t i o n  and e m is s io n  m o n o c h ro m a to rs  w e re  s e t  a t  
1 6 . 0 .
( b ) :  k q =  1 3 6 0  /  T0 .  = 6 . 0  . 1 0 - '5’ M - ^ e c " 1 .
( c ) :  C Q u e n c h e r  1 = C Q 3 = ( M (Q >. v ) /  ( 3 , 0 0 0  + v  >
w h e re  M(Q) = m o l a r i t y  o f  s t o c k  s o l u t i o n  o f  
q u e n c h e r  and v  = v o lu m e  o f  q u e n c h e r  s o l u t i o n  added  
f ro m  m i c r o s y r i n g e  (./ ^ l )
2 . a . 5 . 2 .  I n  a 0 . 0 1  M s o l u t i o n  o f  TEAC1 i n  
C H ^ C lz  by  F e r r o c e n e .
C R u ( b ip y ) 3 ( e n ) I * 3 i n  a 0 . 0 1  M s o l u t i o n  o f  TEAC1 i n  
CH2C I 2 a t  2 9 8  K b y  F e r r o c e n e .
C F e r r  1 . 1 0 * %  M ( I D/ I  ) ( a )  ( I 0 / I ) . ( b )
T a b le  XXXX. Q u e n c h in g  o f  t h e  e m is s io n  o f
0.00 1.00 1.00
5 . 6 2 1.21 1. 16
1 1 .  19 1 . 4 3 1 . 3 2
1 5 2
2 2 . 2 4 1 . 8 7 1 .6 1
3 3 .  14 2 . 4 6 1 . 9 7
4 3 . 9 0 3 . 0 4 2 . 2 7
s l o p e ( K s v ) , M - 1 2 9 0  ± 1 0
( a ) :  The e x p e r i m e n t a l  c o n d i t i o n s  a r e  t h e  same
a s  t h o s e  r e p o r t e d  i n  (a )  o f  t h e  p r e v i o u s  T a b le  X X X IX .
<b>: ( L / I ) C D rr  = ( I c / D ^ p - C C l
"  1 0 - ' ~ D *  « ® > 3 /C  1 -  1 0 - « D ] y i  A D / [  AD + AE ]  } .
d e t e c t e d  c u r v a t u r e  i n  t h e  S t e r n  -  V o lm e r  p l o t  due  t o  an  
i n n e r  f i l t e r  e f f e c t  p ro d u c e d  by  h ig h  c o n c e n t r a t i o n s  o f  t h e  
q u e n c h e r  ( F i g .  3 9 ) .
( c >: k „  ( C 1 - )  = 2 9 0  /  T 0 .  ( C l ~ )  =
2 . 4 4  . lO'"*5' M-1  s e c - 1  .
T h i s  c o r r e c t i o n  was made i n  o r d e r  t o  rem ove  a
2 .  a .  5 . 3 .  In  CH^Cl;: by  A n t h r a c e n e .
1 5 3
T a b le  X X X X I.  Q u e n c h in g  o f  t h e  e m is s io n  o f  
C R u ( b i p y ) ^ ( e n ) I - 3, i n  CHSC1Z a t  2 9 8  K by A n t h r a c e n e .
C An 3 . 1 0 - s  , M I D/ I ( a )
0.00  1.00
3 . 7 8  1 . 0 5
7 . 5 4  1 . 1 7
1 5 . 0 3  1 . 2 8
2 2 . 4 8  1 . 3 8
s l o p e  ( K s v ) ,  M - 1 1 7 2 9  ±  2 0
(a )  : The  e x p e r i m e n t a l  c o n d i t i o n s  a r e  t h e
same a s  t h o s e  r e p o r t e d  i n  ( a )  o f  t h e  T a b le  X X X IX .
(b )  : k q = 172 9  / T ow = 7 . 6 2
. l O - ^ M - i s e c - 1 .
2 . a . 5 . 4 .  In  a  0 . 0 1  M s o l u t i o n  o f  TEAC1 i n  
C H ^ C lz  by  A n t h r a c e n e .
T a b le  X X X X I I .  Q u e n c h in g  o f  t h e  e m is s io n  o f  
C R u ( b i p y ) 2 ( e n ) i n  a  0 . 0 1  M s o l u t i o n  o f  TEAC1 i n
1 5 4
CHZC1= a t  2 9 8  K b y  A n t h r a c e n e .
C An 3 . 1 0 * - * ,  M I ^ / i  (a )
0.00 1.00
1. 8 6  1 . 0 7
3 . 7 0  1 . 1 4
5 . 5 1  1 . 2 7
7 . 3 0  1 . 3 4
1 0 . 8 0  1 . 5 9
1 3 . 3 8  1 . 7 3
s l o p e  ( K s v ) ,  M~* 5 6 2  ±  10
(a )  : The  e x p e r i m e n t a l  c o n d i t i o n s  a r e  t h e  same as  
t h o s e  r e p o r t e d  i n  ( a )  o f  t h e  T a b l e  X X X IX .
<b) s kc, ( C l - )  =  5 6 2  /  T ob  <C1” ) =
4 . 7 2 .  lO -*” M - ’ s e c - 1 .
2 . a . 5 . 5 .  I n  CH2 C12 by  1 , 1 ’ D im e t h y l  4 , 4 '  
b i p y r i d i n i u m  d i c h l o r i d e .
A l th o u g h  a p e r f e c t l y  l i n e a r  S t e r n  -  V o lm e r  p l o t  
was o b t a i n e d ,  t h e  d e t e r m in e d  v a l u e  o f  kc, r e a c h e d  1 . 6
.1 0 * " 10 M- 1 s e c -1  , w h ic h  e x c e e d s  t h e  d i f f u s i o n a l  l i m i t  
o f  t h e  r a t e  c o n s t a n t  , v a l u e  e s t i m a t e d  a s  1 . 4 5  . 10*-10 
M - ' s e c -1  0 0 .
1 5 5
2 . a . 5 . 6 .  In  a  0 . 0 1  M s o l u t i o n  o-f TEAC1 i n  
C H z C lz  by  1 , 1 '  D im e t h y l  4 , 4 ’ b i p y r i d i n i u m  d i c h l o r i d e  .
A g a in ,  t h e r e  w e re  p r o b le m s  ; k,, ( C l - ) became  
1 . 3 5  . 1 0  •*'10 M- 1 s e c - 1 , a  v a l u e  e x t r e m e l y  c l o s e  t o  t h e  
p r e v i o u s l y  e s t i m a t e d  d i  f - f u s i o n a l  l i m i t .
2 . a . 5 . 7 .  I n  CHZC1S by  1 , 2 , 4 , 5  -  
T e t r a c y a n o b e n z e n e  (T C N B ).
2 . a . 5 . 8 .  I n  a  0 . 0 1  M s o l u t i o n  o-f TEAC1 i n  
C H ^ C l*  by  1 , 2 , 4 , 5  -  T e t r a c y a n o b e n z e n e  .
The  l a s t  c o u p le  o-f e x p e r im e n t s ,  2 . a . 5 . 7 .  and  
2 . a . 5 . 8 .  d i d  n o t  w ork  w e l l  b e c a u s e  no n o t i c e a b l e  q u e n c h in g  
o-f t h e  e m is s io n  i n t e n s i t y  c o u ld  be o b s e r v e d  even  when t h e  
TCNB c o n c e n t r a t i o n s  w e re  h i g h .  No - f u r t h e r  a t t e m p t  t o  u se  




n -  2 en
n = 3 tn
[(b jp y ^ R u  L ] 2+
F i g u r e  3 6  . M e t h y le n e  — l i n k e d  a m in e  l i g a n d s .
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B. 005.50  6.00
I /TEMPm ICH-3
7.50U. 50 5.00 6.50 7.00.00
F i g u r e  3 7  . T e m p e r a tu r e  d e p e n d e n c e  o-f t h e  r e l a t i v e  e m is s io n  
i n t e n s i t i e s  o-f CRu ( b i p y )  = (e n )  I * *  i n  EtOH/MeOH ( 4 : 1 ,  v / v ) .
The  s o l i d  c u r v e  i s  t h e  c o m p u te r  f i t  g e n e r a t e d  f r o m  t h e  

















4.00 5 .60  6.40
l /TEMP*10*-3
7.20 B.00 8 . BO 9.60
F i g u r e  3 8  . T e m p e r a tu r e  d e p e n d e n c e  o-f t h e  r e l a t i v e  e m is s io n  
i n t e n s i t i e s  o f  C R u ( b i p y ) 3 ( t n ) i n  EtOH/MeOH ( 4 : 1 , v / v ) .
The  s o l i d  c u r v e  i s  t h e  c o m p u te r  f i t  g e n e r a t e d  f r o m  t h e  






















F i g u r e  3 9  . S t e r n  -  V o lm e r  p l o t  o f  t h e  q u e n c h in g  o f  t h e  
e m is s io n  o f  CRu ( b i p y )  =. (e n )  i n  a  0 . 0 1  M s o l u t i o n  o f  
TEAC1 i n  C H ^ C lz  a t  2 9 8  K by  F e r r o c e n e .
2 . b .  P h o to c h e m ic a l  S t u d i e s  c a r r i e d  o u t  a t
2 9 8  K.
In  t h e s e  p h o t o l y s i s  e x p e r im e n t s  t h e  d e s i r e d  
MLCT e x c i t a t i o n  band ( 5 0 0  nm) Mas i s o l a t e d  b y  means o f  a  
c o m b in a t io n  o f  tw o  C o r n in g  g l a s s  f i l t e r s  (CS 4 - 7 4  and  
CS 3  -  7 0 )  .
T h e  o b s e r v e d  p h o t o s u b s t i t u t i o n  r e a c t i o n s  w e re  
v e r y  s lo w .  T h e  i n t e r m e d i a t e  c o m p le x e s  g e n e r a t e d  d u r in g  
t h e  p h o t o l y s i s  c o u ld  n o t  be  p r e p a r e d  b y  t h e  u s u a l  
m e th o d s .  T h e  quantum  y i e l d s  w e re  d e t e r m in e d  by  means o f  
m o n i t o r i n g  b o th  t h e  d is a p p e a r e n c e  o f  t h e  s t a r t i n g  
m a t e r i a l  and t h e  g e n e r a t i o n  o f  t h e  f i n a l  p h o to p r o d u c t  
t h a t  was d e t e c t e d .
2 . b . l .  Com plex : C R u ( b ip y ) z ( e n )
2 . b . l . l .  E x t e n s i v e  p h o t o l y s i s  i n  CH3 CN (no
C l “ ) .
A s h i f t  i n  t h e  a b s o r p t i o n  f ro m  4 9 0  t o
4 5 5  nm was o b s e r v e d .
2 . b . l . 2 .  E x t e n s i v e  p h o t o l y s i s  i n  H2 0  (no
C l " ) .
A s h i f t  i n  t h e  a b s o r p t i o n  \  f ro m  4 9 0  t o  
4 4 5  nm was o b s e r v e d  .
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2 . b . l . 3 .  E x t e n s i v e  p h o t o l y s i s  i n  C H Z C 1 2
(n o  C l “  ) .
A s h i f t  i n  t h e  a b s o r p t i o n  X f r o m  4 9 0  t o  
4 7 2  nm was o b s e r v e d  .
The s p e c t r a l  c h a n g e s  p ro d u c e d  when 
C R u ( b ip y >2 ( e n ) D * 2 was i r r a d i a t e d  u n d e r  t h e  e x t e n s i v e  
p h o t o l y t i c  c o n d i t i o n s  d e s c r ib e d  i n  t h e s e  e x p e r im e n t s ,  
a b o v e ,  a r e  shown i n  F i g u r e s  4 0  t o  4 2 .  I n  e a c h  c a s e ,  t h e  
d i s s o l v e d  co m p lex  was i r r a d i a t e d  f o r  a b o u t  10 h o u r s ,  
w i t h o u t  u s in g  a n y  k in d  o f  f i l t e r  t o  i s o l a t e  a  s p e c i f i c  
i r r a d i a t i o n  band i n  o r d e r  t o  a c c e l e r a t e  t h e  r a t e  o f  
p h o t o r e a c t i o n ;  i t  was o n l y  in t e n d e d  t o  o b s e r v e  t h e  
c h a r a c t e r i s t i c s  o f  t h e  f i n a l  a b s o r p t i o n  s p e c t r u m  a f t e r  
p r o lo n g e d  i r r a d i a t i o n .
2 . b . l . 4 .  P h o t o l y s i s  i n  a  0 . 0 1  M s o l u t i o n  o f  
TEAC1 i n  CHSCN .
G e n e r a l  e x p e r i m e n t a l  c o n d i t i o n s  :
C R u ( b ip y ) 2 ( e n ) I * 2  = 8 . 2  . 1 0 “ ® M.
L i g h t  i n t e n s i t y  =  5 . 6 8 . 1 0 “ ® e i n s t e i n / s e c .
T o t a l  i r r a d i a t i o n  t i m e  = 4 0  m in .
M o la r  a b s o r p t i o n  c o e f f i c i e n t  o f  t h e  s t a r t i n g  
c o m p le x ( 4 9 0  nm) *  9 , 7 0 0  M“ 1cm~1
1 6 2
M o la r  a b s o r p t i o n  c o e f f i c i e n t  o f  t h e
p h o t o p r o d u c t  (4 9 0  nm) =  4 , 7 0 0  M_ 1 cm_ l .
T h e r e  was e x t e n s i v e  p h o t o l y t i c  i r r a d i a t i o n  
u n t i l  no f u r t h e r  a b s o r p t i o n  s p e c t r a l  c h a n g e s  w e re  
d e t e c t e d ;  a  s h i f t  i n  A  f ro m  4 9 0  t o  5 5 6  nm
o c c u r r e d  ( F i g  4 8 ) .
2 . b . l . 5 .  P h o t o l y s i s  i n  a  0 . 0 1  M s o l u t i o n  o f  
TEAC1 i n  HZQ .
G e n e r a l  e x p e r i m e n t a l  c o n d i t i o n s  :
C R u ( b ip y ) 2 ( e n ) = 8 . 5  . 1 0 “ ® M.
L i g h t  i n t e n s i t y  = 3 . 6 2 . 1 0 - °  e i n s t e i n / s e c .
T o t a l  i r r a d i a t i o n  t im e  =  100  m in .
M o la r  a b s o r p t i o n  c o e f f i c i e n t  o f  t h e  s t a r t i n g  
co m p lex  (4 9 0  nm) = 9 , 4 0 0  M- 1 cm- : l .
M o la r  a b s o r p t i o n  c o e f f i c i e n t  o f  t h e
p h o t o p r o d u c t  (4 9 0  nm) =  7 , 8 0 0  M- 1 cm_ l .
P h o t o l y s i s  showed t h a t  t h e r e  was a  v e r y  s lo w  
r e a c t i o n ,  t h e  c o u r s e  o f  w h ic h  was d i f f i c u l t  t o  f o l l o w  
b e c a u s e  o f  a  m a s k in g  o f  i t s  a b s o r p t i o n  b y  t h a t  o f  t h e  
s t a r t i n g  c o m p le x .  N e v e r t h e l e s s ,  a  f i n a l  p h o t o p r o d u c t  
w i t h  an a b s o r p t i o n  maximum l o c a t e d  a t  4 7 2  nm was
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d e t e c t e d  ( F i g u r e  4 9 ) .
2 . b . l . 6 .  P h o t o l y s i s  i n  a  0 . 0 1  M s o l u t i o n  o-f 
TEAC1 i n  CH3C I 3  .
G e n e r a l  e x p e r i m e n t a l  c o n d i t i o n s  :
C R u ( b ip y ) s  < e n ) =  7 . 9 7  . 10~= M.
L i g h t  i n t e n s i t y  =  5 . 6 8 . 1 0 —® e i n s t e i n / s e c .
T o t a l  i r r a d i a t i o n  t i m e  =  6 0  m in .
M o la r  a b s o r p t i o n  c o e f f i c i e n t  o f  t h e  s t a r t i n g  
c o m p le x  <490 nm) =  1 0 , 1 0 0  M- l cnr~x
M o la r  a b s o r p t i o n  c o e f f i c i e n t  o f  t h e  
p h o t o p r o d u c t  <490 nm) =  4 , 7 0 0  M- 1cm- 1 .
T h e r e  Mas e x t e n s i v e  p h o t o l y t i c  i r r a d i a t i o n  
u n t i l  no f u r t h e r  a b s o r p t i o n  s p e c t r a l  c h a n g e s  w e re  
d e t e c t e d ;  t h e  m a jo r  o b s e r v a t i o n  was t h a t  a  s h i f t  i n  t h e X  
f ro m  4 9 0  t o  5 4 8  nm o c c u r r e d  ( F i g u r e  5 0 )  ; a l s o  a
s m a l l  bump was n o t e d  a t  4 7 0  nm.
2 . b . 2 .  Com plex : C R u (b ip y )  2 ( t n )
2 . b . 2 . 1 .  E x t e n s i v e  p h o t o l y s i s  i n  CH3 CN (no
C l " ) .
A s h i f t  i n  t h e  a b s o r p t i o n  maximum f ro m  4 9 0  t o
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4 3 0  nm was o b s e r v e d .
2 . b . 2 . 2 .  E x t e n s i v e  p h o t o l y s i s  i n  H z 0  ( n o
C l ~ ) .
A s h i f t  i n  t h e  a b s o r p t i o n  maximum f r o m  4 9 0
t o  4 8 0  nm was o b s e r v e d  .
2 . b . 2 . 3 .  E x t e n s i v e  p h o t o l y s i s  i n
C H z C lz (n o  C 1 - ) .
A s h i f t  i n  t h e  a b s o r p t i o n  maximum f r o m  4 9 0
t o  481  nm was o b s e r v e d .
T h e  s p e c t r a l  c h a n g e s  p r o d u c e d  when 
C R u ( b ip y ) z ( t n ) 1 * ^  was i r r a d i a t e d  u n d e r  t h e  e x t e n s i v e  
p h o t o l y t i c  c o n d i t i o n s  d e s c r ib e d  i n  t h e s e  e x p e r im e n ts . ,  
a b o v e ,  a r e  shown i n  F i g u r e s  4 3  t o  4 5 .
2 . b . 2 . 4 .  P h o t o l y s i s  i n  a  0 . 0 1  M s o l u t i o n  o f  
TEAC1 i n  CH3 CN .
G e n e r a l  e x p e r i m e n t a l  c o n d i t i o n s  :
C R u ( b i p y ) 2 ( t n ) = 9 . 1  . 10~® M.
L i g h t  i n t e n s i t y  = 5 . 6 8 . 10_,se i n s t e i n / s e c .
T o t a l  i r r a d i a t i o n  t i m e  = 4 0  m in .
M o la r  a b s o r p t i o n  c o e f f i c i e n t  o f  t h e  s t a r t i n g  
c o m p lex  ( 4 9 0  nm) = 8 , 9 0 0  M_ 1 cm- 1  .
M o la r  a b s o r p t i o n  c o e f f i c i e n t  o f  t h e
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p h o t o p r o d u c t  ( 4 9 0  nm) =  4 , 9 0 0  M -^ c m "1 .
E x t e n s i v e  p h o t o l y t i c  i r r a d i a t i o n  l e d  t o  a
f i n a l  a b s o r p t i o n  s p e c t r u m  t h a t  had  A. a t  5 5 0
r e l a t i v e  t o  4 9 0  f o r  t h e  o r i g i n a l  m a t e r i a l  ( F i g u r e  5 1 )  .
2 . b . 2 . 5 .  P h o t o l y s i s  i n  a  0 . 0 1  M s o l u t i o n  o f  
TEAC1 i n  Hz 0  .
G e n e r a l  e x p e r i m e n t a l  c o n d i t i o n s  :
E R u ( b ip y ) z ( t n )  =  9 . 0  .1 0 -= *  M.
L i g h t  i n t e n s i t y  =  3 . 6 2  . 1 0 - B e i n s t e i n / s e c .
T o t a l  i r r a d i a t i o n  t i m e  = 8 0  m in .
M o la r  a b s o r p t i o n  c o e f f i c i e n t  o f  t h e  s t a r t i n g
co m p lex  (4 9 0  nm) = 9 , 0 9 0  M - 1cm- 1 .
M o la r  a b s o r p t i o n  c o e f f i c i e n t  o f  t h e  
p h o t o p r o d u c t  (4 9 0  nm) =  7 , 8 0 0  M“ 1cm_ 1 .
P h o t o l y s i s  showed t h e  o c c u r r e n c e  o f  a  v e r y  
s lo w  r e a c t i o n .  The  r e a c t i o n  was d i f f i c u l t  t o  f o l l o w  
b e c a u s e  t h e  a b s o r b a n c e  o f  t h e  p h o t o p r o d u c t  was masked  
b y  t h a t  o f  t h e  s t a r t i n g  c o m p le x .  H o w e v e r ,  e x t e n s i v e  
p h o t o l y t i c  i r r a d i a t i o n  p ro d u c e d  a  s p e c ie s  w i t h  an  
a b s o r p t i o n  s p e c tr u m  t h a t  had  a  maximum l o c a t e d  a t  4 7 0  
nm ( F i g u r e  5 2 ) .
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2 . b . 2 . 6 .  P h o t o l y s i s  i n  a  0 . 0 1  li s o l u t i o n  o f  
TEAC1 i n  C H ^ C l* .
G e n e r a l  e x p e r i m e n t a l  c o n d i t i o n s  :
C R u ( b ip y ) 2 ( t n ) H - 2  =  9 . 0  . 1 0 “ ® M.
L i g h t  i n t e n s i t y  ® 5 . 6 8 . 10—° e i n s t e i n / s e c .
T o t a l  i r r a d i a t i o n  t i m e  = 4 0  m in .
M o la r  a b s o r p t i o n  c o e f f i c i e n t  o f  t h e  s t a r t i n g  
co m p lex  ( 4 9 0  nm) = 9 , 0 2 0  M- 1 cm-: l  .
M o la r  a b s o r p t i o n  c o e f f i c i e n t  o f  t h e
p h o t o p r o d u c t  (4 9 0  nm) =  4 , 9 0 0  M- l cm- 1 .
E x t e n s i v e  p h o t o l y t i c  i r r a d i a t i o n  l e d  t o  a
f i n a l  a b s o r p t i o n  s p e c t r u m  i n  w h ic h  \  o c c u r r e d  a t
5 4 8  nm r e l a t i v e  t o  4 9 0  nm f o r  A. o f  t h e  o r i g i n a l
m a t e r i a l  ( F i g u r e  5 3 ) .  A g a in  was a l s o  n o te d  a  s m a l l
bump, i n  t h i s  c a s e  l o c a t e d  a t  4 8 0  nm.
2 . c .  0 2  r o l e  i n  t h e  p h o t o c h e m is t r y  o f  
C R u ( b ip y ) a ( e n ) 3 - *  i n  a  0 . 0 1  M s o l u t i o n  o f  TEAC1 i n  
CHaCla .
P h o t o l y s i s  o f  C R u ( b ip y ) 2 (e n )  J - 2  w i t h  and
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w i t h o u t  t h e  q u e n c h e r s ,  a n t h r a c e n e ,  f e r r o c e n e ,  and  
1 , 1 ’ d i m e t h y l  4 , 4 ’ b i p y r i d i n i u m  d i c h l o r i d e ,  w e re  d o n e .  I n  
ea c h  c a s e ,  b e f o r e  t h e  t h e  p h o t o l y s i s  was begun t h e  
e m is s io n s  o f  t h e  p u r e  co m p lex  and t h e  co m p lex  w i t h  
q u e n c h e r  w e re  m e a s u re d .  T h e r e  was an a t t e m p t  t o  
c o r r e l a t e  t h e  q u e n c h in g  o f  t h e  e m is s io n  w i t h  t h e  
q u e n c h in g  o f  t h e  p h o t o s u b s t i t u t i o n  r e a c t i o n ;  a l t h o u g h  
q u e n c h in g  o f  t h e  e m is s io n  was o b s e r v e d ,  no s i g n i f i c a n t  
q u e n c h in g  o f  t h e  p h o t o s u b s t i t u t i o n  r e a c t i o n  was  
d e t e c t e d .  When 0 2  was u se d  a s  a  p o t e n t i a l  q u e n c h e r ,  
an u n e x p e c te d  in c r e a s e d  d is a p p e a r e n c e  o f  t h e  s t a r t i n g  
m a t e r i a l  was o b s e r v e d  . C a r e f u l l y ,  A r ,  and 0 3 -  
s a t u r a t e d  s a m p le s  w e r e  p r e p a r e d  and m a i n t a in e d  i n  
d a r k n e s s  i n  o r d e r  t o  f u r t h e r  s t u d y  t h e i r  r e a c t i v i t y  
u n d e r  p h o t o l y s i s  c o n d i t i o n s .
2 . c . l .  S tu d y  o f  p o s s i b l e  d a r k  r e a c t i o n  o f  t h e  
A r  -  s a t u r a t e d  s a m p le .
2 . c . 2 .  S tu d y  o f  p o s s i b l e  t h e r m a l  r e a c t i o n  o f  
t h e  0 2 -  s a t u r a t e d  s a m p le .
I n  b o th  c a s e s ,  e x p e r im e n t s  2 .C.1 and 2 .C .2 .  , 
no  t h e r m a l  r e a c t i o n  was d e t e c t e d  b y  a b s o r p t i o n  
s p e c t r o s c o p y  when s a m p le s  w e re  p r e p a r e d  and m a i n t a in e d  
i n  t h e  d a r k  f o r  a  p e r i o d  o f  t h r e e  d a y s .
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2 . C . 3 .  P h o t o l y s i s  o f  t h e  0 2 -  s a t u r a t e d
s a m p le .
G e n e r a l  e x p e r i m e n t a l  c o n d i t i o n s  :
C R u ( b ip y ) 2 (e n )  I * 35 = 4 . 9  . 1 0 “ = M.
L i g h t  i n t e n s i t y  = 3 . 5 3  . 10 -B  e i n s t e i n / s e c .
T o t a l  i r r a d i a t i o n  t i m e  = 2 0  m in .
M o la r  a b s o r p t i o n  c o e f f i c i e n t  o f  t h e  s t a r t i n g
com plex  (4 9 0  nm) = 1 0 , 1 0 0  M_ 1 cm“ l .
M o la r  a b s o r p t i o n  c o e f f i c i e n t  o f  one o f  t h e
p h o t o p r o d u c t s  (4 9 0  nm) = 4 , 8 0 0  M_ 1 cm- 1 .
M o la r  a b s o r p t i o n  c o e f f i c i e n t  o f  o t h e r  d e t e c t e d  
p h o t o p r o d u c t  ( 4 9 0  nm) =  8 , 8 0 0  M- 1 cm- x .
E x t e n s i v e  p h o t o l y t i c  i r r a d i a t i o n  l e d  t o  a  
f i n a l  a b s o r p t i o n  s p e c t r u m  i n  w h ic h  t h e r e  w e re  maxima
l o c a t e d  a t  4 5 5  and 5 4 0  nm; t h e  m axim a w e re  assumed t o  
c o r r e s p o n d  t o  tw o  d i f f e r e n t  s p e c ie s  g e n e r a t e d  by  
d i f f e r e n t  m ech a n is m s .
2 .C .4 .  Q u e n c h in g  o f  t h e  e m is s io n  by  0Z.
C H a d s ; ( p u r e )  0 . 0 1  M s o l u t i o n  o f  TEAC1 i n  CHZC1Z
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I  ( A r ) / 1 ( 0=>) ( a ) 4 . 3 2 ( b )  2 . 1 6 ( b )
( a )  : R a t i o  o f  t h e  c o r r e c t e d  and  i n t e g r a t e d
e m is s io n  s p e c t r a  o f  an  A r  -  s a t u r a t e d  and an 0 2  -
s a t u r a t e d  s a m p le  (2 0  m in  o f  b u b b l i n g  t h e  p r o p e r  g a s
t h r o u g h  t h e  s a m p le  i n  e a c h  c a s e )  ; e x c i t a t i o n  was
c e n t e r e d  a t  4 9 0  nm and t h e  s c a n n in g  was done i n  t h e
5 5 0  -  8 2 0  nm r a n g e .
( b ) : A v e r a g e  o f  t h r e e  in d e p e n d e n t  m e a s u re m e n ts .
2 . c . 5 .  P h o t o l y s i s  o f  C R u (b ip y )  =»(e n )  i n  
0 . 0 5  M HZSD^.
G e n e r a l  e x p e r i m e n t a l  c o n d i t i o n s  :
C R u ( b ip y ) 2 ( e n ) U * 3  =  4 . 4  . 1 0 - °  M.
L i g h t  i n t e n s i t y  =  3 . 5 3 . 10 - ® e i n s t e i n / s e c .
T o t a l  i r r a d i a t i o n  t i m e  =  5  m in .
M o la r  a b s o r p t i o n  c o e f f i c i e n t  o f  t h e  s t a r t i n g  
co m p lex  ( 4 9 0  nm) = 9 , 0 0 0  M- 1 cm_ 1 .
M o la r  a b s o r p t i o n  c o e f f i c i e n t  o f  t h e  
p h o t o p r o d u c t  ( 4 9 0  nm) = 8 , 8 0 0  M_ 1 cm- 1 .
E x t e n s i v e  p h o t o l y t i c  i r r a d i a t i o n  l e d  t o  a  
f i n a l  a b s o r p t i o n  s p e c t r u m  w i t h  X  m« M l o c a t e d  a t  4 5 2  
nm.
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2 . d .  C a t i o n  -  a s s i s t e d  l i g a n d
p h o t o s u b s t i t u t i o n  i n  t h e  p h o t o r e a c t i o n  o f
C R u ( b ip y ) 2 ( e n ) 3 - z  w i t h  A g -  i n  CH3 CN a t  2 9 8  K.
I t  was r e p o r t e d 5535 t h a t  i r r a d i a t i o n  o f  
C R u ( b ip y ) 3 ] + z  i n  t h e  p r e s e n c e  o f  A g -  i n  CH3 CN 
l e a d s  t o  t h e  p h o t o s u b s t i t u t i o n  p r o d u c t
C R u ( b ip y ) 2 (CH3 C N )2 1 - 3  b y  a  m echanism  i n v o l v i n g  
t h e  d e c a y  o f  t h e  MLCT s t a t e  v i a  a  d - d  e x c i t e d  s t a t e  t o  
a l i g a n d  l a b i l i z e d  i n t e r m e d i a t e  w h ic h  i s  i n t e r c e p t e d  by  
A g -  i n  a  p r o c e s s  w h ic h  a s s i s t s  t h e  s u b s t i t u t i o n  by  
re m o v a l  o f  a  b i p y  l i g a n d .
I n  t h i s  w o rk  t h e  r e a c t i v i t y  o f
CRu ( b ip y )  2  (e n )  I - 35 i n  t h e  p r e s e n c e  o f  A g -  i n  
CH3 CN u n d e r  p h o t o l y t i c  i r r a d i a t i o n  was i n v e s t i g a t e d .  
S in c e  t h e  p h o t o s u b s t i t u t i o n  quantum  y i e l d s  o b s e r v e d  f o r  
t h e  f o r m a t i o n  o f  CRu ( b i p y  ) 2 (CH3 C N )se3 - 3: a r e  lo w
and s i n c e  n e i t h e r  a  p o s s i b l e  p e n t a c o o r d i n a t e  
i n t e r m e d i a t e  C R u ( b ip y ) 2 ( e n ’ ) 3 - * ,  i n  w h ic h  e n '  h a s  
o n e  ammine f r e e  n o r  t h e  p a r t i a l l y  s o l v a t e d  i n t e r m e d i a t e  
com plex  C R u ( b ip y ) 2 ( e n 7 ) (CH3 C N ) 3 - z , c a n  be  
i s o l a t e d ,  t h e  p h o t o s u b s t i t u t i o n  quantum  y i e l d s  w e re  a l l  
e v a l u a t e d  o n l y  f o r  t h e  f i n a l  o b s e r v e d  p h o t o p r o d u c t .
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2 . d . l .  Q u e n c h in g  o f  e m is s io n  i n  CH3 CN a t  
2 9 8  K by  AgN03 .
T a b l e  X X X X I I I .  Q u e n c h in g  o f  t h e  e m is s io n  o f  C R u ( b ip y ) a ( e n ) 1 * ^
i n  CH3 CN a t  2 9 8 K b y  AgN03 .
C AgN03 3 ,  M ( I o / I ) « p P (a ) f l o / I )  "c o r -r  •• (b
0 . 0 0 1 . 0 0 1 . 0 0
0 . 0 5 1 .4 1 1 . 0 0 5
0 .  10 1 . 6 0 1 . 0 1 0
0 . 2 0 1 . 7 7 1 . 0 2 0
0 . 4 0 1 . 8 9 1 . 0 4 0
0 . 8 0 2 . 0 1 1 . 0 8 0
( a ) :  E m is s io n  s p e c t r a  c o r r e c t e d  and  i n t e g r a t e d
o v e r  t h e  r a n g e  5 5 0  -  8 2 0  nm. A v e r a g e  o f  t h r e e  r u n s .  The
e x c i t a t i o n  was c e n t e r e d  a t  4 9 0  nm .
( b ) :  C o r r e c t i o n  made n e c c e s a r y  d u e  t o  i o n i c
s t r e n g t h  e f f e c t s .  The  c o r r e c t i o n  was a c t u a l l y  an e s t i m a t i o n  
t h a t  i s  e x p l a i n e d  l a t e r  i n  t h e  d i s c u s i o n  s e c t i o n  .
Th e  S t e r n  -  V o lm e r  p l o t  f o r  t h e  q u e n c h in g  o f
t h e  e m is s io n  o f  CRu ( b i p y )  2  (e n )  1*-= u n d e r  t h e s e
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c o n d i t i o n s  ( u n c o r r e c t e d  d a t a )  i s  shown i n  F i g u r e  4 6 .
2 . d . 2 .  P h o t o l y s i s  i n  a  0 . 4 0  M s o l u t i o n  o-f 
AgN03 i n  CH3 CN .
G e n e r a l  e x p e r i m e n t a l  c o n d i t i o n s  :
CRu ( b i p y )  z  ( e n )  D *52 = 4 . 1  . 1 0 “ = M.
L i g h t  i n t e n s i t y  = 2 . 5 1  . 10_Be i n s t e i n / s e c .
T o t a l  i r r a d i a t i o n  t i m e  =  3 0  m in .
M o la r  a b s o r p t i o n  c o e f f i c i e n t  o f  t h e  s t a r t i n g
co m p lex  ( 4 9 0  nm) =  9 , 7 0 0  M- 1 cm_ 1 .
M o la r  a b s o r p t i o n  c o e f f i c i e n t  o f  t h e  
p h o t o p r o d u c t  ( 4 9 0  nm) = 3 , 3 0 0  M- 1 cm- 1 .
A f t e r  e x t e n s i v e  p h o t o l y t i c  i r r a d i a t i o n  t h e
f i n a l  a b s o r p t i o n  s p e c t r u m  had a maximum l o c a t e d  a t  4 2 5
nm.
U ( n o  A g * )  / I  ( 0 . 4  M A g * )  = 2 . 1 6  (a )
( a )  : R a t i o  o f  t h e  c o r r e c t e d  and i n t e g r a t e d
e m is s io n  s p e c t r a  ; t h e  e x c i t a t i o n  was c e n t e r e d  a t  4 9 0  nm and
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t h e  s c a n n in g  was d on e  i n  t h e  5 5 0  -  8 2 0  r a n g e .  T h e  e m is s io n  
i n t e n s i t i e s  o f  t h e  same s a m p le s ,  t h e  o n e  w i t h  Ag"* and  t h e  
o n e  w i t h o u t  t h e  m e t a l l i c  c a t i o n ,  w e r e  m e as u red  b e f o r e  
p h o t o l y s i s .
2 . d . 3 .  P h o t o l y s i s  i n  a  0 . 8 0  M s o l u t i o n  o f  AgN03
i n  CH3 CN .
G e n e r a l  e x p e r i m e n t a l  c o n d i t i o n s  :
CRu ( b i p y )  => ( e n ) 3 * 2  = 4 . 1  . 1 0 “ *  M.
L i g h t  i n t e n s i t y  =  2 . 5 1  . 10 -B  e i n s t e i n / s e c .
T o t a l  i r r a d i a t i o n  t i m e  =  3 0  m in .
M o la r  a b s o r p t i o n  c o e f f i c i e n t  o f  t h e  s t a r t i n g  
co m p lex  (4 9 0  nm) — 9 , 7 0 0  M- 1 cm- 1 .
M o la r  a b s o r p t i o n  c o e f f i c i e n t  o f  t h e  p h o t o p r o d u c t  
( 4 9 0  nm) = 3 , 3 0 0  M - l cm~l .
A f t e r  e x t e n s i v e  p h o t o l y t i c  i r r a d i a t i o n  t h e  
p h o t o p r o d u c t  had an a b s o r p t i o n  s p e c t r u m  w i t h  X l o c a t e d  
a t  4 2 5  nm.  A f i l m  o f  m e t a l l i c  A g °  c o u ld  b e  o b s e r v e d  on t h e  
w a l l s  o f  t h e  c u v e t t e ,  and  a b l a c k  p r e c i p i t a t e  was fo u n d  a t  
i t s  b o t to m .
I 0 (no  A g * )  / I  ( 0 . 8  M A g * )  *  2 . 2 9  (a )
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( a )  : I t  h a s  t h e  same m ean in g  a s  t h a t  o f  (a )
i n  e x p e r im e n t  2 . d . 2 .
2 . d . 4 .  P h o t o l y s i s  i n  a  0 . 4 0  M s o l u t i o n  o f  
AgN03 i n  CHSCN i n  t h e  p r e s e n c e  o f  m e th y l  v i o l o g e n  
c o n c e n t r a t i o n  s u f f i c i e n t  t o  quench  > 9 0  % o f  t h e
C R u ( b i p y ) z C e n ) e x c i t e d  l u m in e s c e n t  s t a t e  .
G e n e r a l  e x p e r i m e n t a l  c o n d i t i o n s  :
C R u ( b ip y ) 2 ( e n ) = 4 . 1  . 1 0 “ *  M.
L i g h t  i n t e n s i t y  = 2 . 5 1  . 10~B e i n s t e i n / s e c .
T o t a l  i r r a d i a t i o n  t i m e  = 3 0  m in .
M o la r  a b s o r p t i o n  c o e f f i c i e n t  o f  t h e  s t a r t i n g  
c o m p lex  (4 9 0  nm) = 9 , 7 0 0  M_ 1 cm- 1 .
M o la r  a b s o r p t i o n  c o e f f i c i e n t  o f  t h e  
p h o t o p r o d u c t  (4 9 0  nm) =  3 , 3 0 0  M- 1 cm~a .
A f t e r  e x t e n s i v e  p h o t o l y t i c  i r r a d i a t i o n  t h e  
p h o t o p r o d u c t  s t i l l  c l e a r l y  showed an a b s o r p t i o n  l o c a t e d  
a t \ m.,M 4 2 5  nm. T h e r e f o r e ,  d e s p i t e  t h e  e f f i c i e n t  
q u e n c h in g  o f  t h e  t r i p l e t ,  t h e  p h o t o r e a c t i o n  seemed t o  
f o l l o w  t h e  same c o u r s e  p r e v i o u s l y  o b s e r v e d .  A w h i t e
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p r e c i p i t a t e  , p r e s u m a b ly  o f  AgCl c o u ld  b e  o b s e r v e d  
( C l -  was t h e  c o u n t e r  i o n  o f  t h e  MV""2  u se d  a s  t h e  
q u e n c h e r  o f  t h e  lu m in e s c e n t  e x c i t e d  s t a t e )  .
I« , (n o  A g - , n o  MV~2 ) / I  ( 0 . 4  M A g % w i t h  M V -2 ) = 8 . 3 5 ( a )
( a )  : I t  h a s  t h e  same m e a n in g  a s  t h a t  o f  ( a )  
i n  e x p e r im e n t  2 . d . 2 .
3 .  T e m p e r a tu r e  d e p e n d e n c e  o f  t h e
p h o t o s u b s t i t u t i o n  quantum  y i e l d s  o f  t h e  c o m p le x e s  
CRu ( b i p y )  a L l '* '2  i n  0 . 0 1  M s o l u t i o n  o f  TEAC1 i n  
C H zC l* .
The quantum  y i e l d s  f o r  t h e  p h o t o s u b s t i t u t i o n  
r e a c t i o n s  o f  t h e s e  c o m p le x e s  w e r e  d e t e r m in e d  o v e r  t h e  
t e m p e r a t u r e  r a n g e  o f  2 7 4  t o  3 0 5  K. I n  t h e  c a s e  o f  
C R u ( b i p y ) t h e  p r o g r e s s  o f  t h e  p h o t o r e a c t i o n  was  
m o n i to r e d  a t  4 5 0  nm; i n  t h e  c a s e s  o f  
C R u ( b ip y ) * ( e n ) I * 2  and C R u ( b ip y ) z ( t n ) 3 * 2 , t h e  
w a v e le n g t h  o f  m o n i t o r i n g  was c e n t e r e d  a t  4 9 0  nm. The  
i n t e n s i t y  o f  t h e  e x c i t i n g  l i g h t  was m e a s u re d ;  t h e  
m e a s u re m e n ts  w e re  c o r r e c t e d  f o r  t h e  s p e c i a l  g e o m e t r i c a l  
a r r a n g e m e n t ,  i n c l u d i n g  t h e  new s a m p le  -  h o l d e r  and  t h e
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new - F i l t e r s  used  i n  t h e s e  e x p e r im e n t s .  T h e  same o p t i c a l  
t r a i n  was used  i n  a l l  t h e  m e a s u re m e n ts  ( t h e  e x c i t a t i o n  
band was i s o l a t e d  b y  means o f  a  c o m b in a t io n  o f  tw o  
C o r n in g  g l a s s  f i l t e r s ,  CS 4  - 7 4  and  CS 3  -  7 0 ) .
3 . a .  L  = 2 , 2 ’ b i p y r i d i n e  ( b i p y ) .
D a ta  p l o t t e d  i n  F i g u r e  4 7 .
3 . b .  L = e t h y l e n e d i a m i n e  ( e n ) .
D a ta  p r e s e n t e d  i n  F i g u r e  4 7 .
3 . c .  L = t r i m e t h y l e n e d i a m i n e  ( t n ) .
D a ta  p r e s e n t e d  i n  F i g u r e  4 7 .
T h e  c o l l e c t e d  v a l u e s  o f  t h e  quantum  y i e l d s  o f  
p h o t o s u b s t i t u t i o n  f o r  t h e s e  c o m p le x e s  a t  2 9 8  K a r e  
shown i n  T a b l e  X X X X IV .  I n  t h e  same T a b l e  XXXXIV  a r e  
a l s o  r e p o r t e d  t h e  e s t i m a t e d  quantum  y i e l d s  f o r  LF  
f o r m a t i o n  . I n  T a b l e  XXXXV a r e  p r e s e n t e d  t h e  c o l l e c t e d  
quantum  y i e l d s  o f  t h e  o b s e r v e d  p h o t o r e a c t i o n s  o f  
CRu ( b i p y ) =» (e n )  a t  2 9 8  K, u n d e r  d i f f e r e n t
e x p e r i m e n t a l  c o n d i t i o n s .  A l l  r e p o r t e d  v a l u e s  a r e  an  
a v e r a g e  o f  r e s u l t s  d e t e r m in e d  f ro m  a t  l e a s t  t h r e e  
in d e p e n d e n t  e x p e r im e n t s .
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T a b l e  X X X X I V .  Q u a n t u m  y i e l d s  o f
p h o t o s u b s t i t u t i o n  and o f  t h e  p r o d u c t i o n  o f  t h e  h i g h e r  
l y i n g  LF s t a t e  f o r  b i s  ( b i p y )  -  m e t h y le n e  -  l i n k e d  
d ia m in e  r u t h e n iu m  c o m p le x e s  a t  2 9 8  K.
Com plex
C R u ( b ip y ) 3 I * 2  
CRu ( b i p y )  s. (e n )  3' 
C R u ( b ip y ) z ( t n ) 3 ‘
CRu ( b i p y ) 3 3 * :z 
CRu ( b i p y )  2  (e n )  3 ’ 
C R u ( b ip y ) z ( t n ) 3 ‘
CRu ( b i p y )  ^ 2 ^  
C R u ( b ip y ) z (e n )  3’ 
CRu ( b i p y )  z  ( t n )  3’
0 . 0 1  M s o l u t i o n  o f  TEAC1 i n  CHZC1Z 
QPh .  10"-2 <a) Qi_f- ( b )
4  0 . 9 3 ( c )
0 . 0 3  1 . 0
0 . 0 6  1 . 0
0 . 0 1  M s o l u t i o n  o f  TEAC1 i n  CH3 CN
Qph. 10 ’*’2  ( s )  Q U f  ( b )
0 . 3 ( c )  0 . 5 4 ( c )
0 . 0 8  1 . 0
0 . 1 4  1 . 0
0 . 0 1  li s o l u t i o n  o f  TEAC1 i n  HZQ
QP* . 1 0 ~ z ( a )  QL F (b )
0 . 0 0 ( d )  0 . 2 0
0 . 0 2  1 . 0
0 . 0 5  1 . 0
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( a )  : P h o t o s u b s t i t u t i o n  quantum  y i e l d .
(b )  s Quantum  y i e l d  o f  LF f o r m a t i o n .
( c )  : R e f e r e n c e ^ .
(d )  : R e f e r e n c e 0 '5’ .
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T a b l e  XXXXV. Quantum  y i e l d s  o f  o b s e rv e d  
p h o t o r e a c t i o n s  o f  C R u ( b ip y ) z (e n )  D -58 i n  d i f f e r e n t  m e d ia  
a t  2 9 8  K.
I n  0 . 4 0  M s o l u t i o n  o f  AgN03  i n  CH3 CN.
F Q p n .10 *2
C R u ( b i p y ) s ( CH3 C N ) 0 . 0 4
In  0 . 8 0  M s o l u t i o n  o f  AgN03  i n  CH3 CN.
•*■2F  Q ^ . I O
C R u ( b ip y ) 2 (CH3 C N )z 3 ^  0 . 0 5
In  0 . 4 0  M s o l u t i o n  o f  AgN83 i n  CH3 CN, i n  
t h e  p r e s e n c e  o f  MV-"3 , i n  c o n c e n t r a t i o n  enough t o  
quench > 9 0  X o f  t h e  lu m in e s c e n t  s t a t e .
F QpH
CRu ( b i p y ) =-(CH3 CN) < 1 . 1 0 ~ *
In  0 . 0 1  M s o l u t i o n  o f  TEAC1 i n  CHZC1Z (A r  
s a t u r a t e d ) .
F  Qp.k . 1 0 * 2
C R u ( b ip y ) 2 ]C 1 Z 0 . 0 4
In  0 . 0 1  M s o l u t i o n  o f  TEAC1 i n  C H z C lz  
( 0 Z s a t u r a t e d ) .
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F
C R u ( b ip y ) 2 ]C 1 Z , and  C R u ( b i p y ) z ( d i m ) ( a )  
I n  0 . 0 5  M Hz S 0 « .
F Qph.lO*1
CRu ( b ip y )s .  (d im )  I * -*  0 . 9 8
F  =  o b s e r v e d  - f i n a l  p h o t o p r o d u c t ,  by  a b s o r p t i o n  
s p e c t r o s c o p y .
(a )  : no s e p a r a t e  e v a l u a t i o n s  o f  t h e
r e s p e c t i v e  quantum  y i e l d s  o f  f o r m a t i o n  o f  each  
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CHAPTER IV .D IS C U S S IO N  OF THE EXPERIMENTAL
RESULTS.
A. QUENCHING OF C R u < b ip y )3 3 X 2  (X =  C I “ ,
B r ->  EM ISSIO N  AND PHOTOSUBSTITUTION BY FERROCENE AND 
BY OXYGEN.
1 .  I n t r o d u c t i o n .
The q u e n c h in g  o f  t h e  lu m in e s c e n c e  and o f  t h e  
p h o t o s u b s t i t u t i o n  r e a c t i o n  o f  t r i s  -
b i p y r i d i n e r u t h e n i u m ( I I ) , C R u ( b i p y ) , by  
f e r r o c e n e  and o xy g en  w e r e  e x a m in e d .  W i t h i n  e x p e r im e n t a l  
e r r o r ,  t h e  l i n e a r  S t e r n  -  V o lm e r  p l o t s  a r e  i d e n t i c a l  
f o r  e a c h  c a s e .  T h i s  r e s u l t  i s  i n  c o n f l i c t  w i t h  t h a t  o f  
a p r e v i o u s  r e p o r t * *  i n  w h ic h  t h e  S t e r n  -  V o lm e r  p l o t s  
f o r  t h e s e  tw o  p r o c e s s e s  w e re  d i f f e r e n t .  T h e s e  new 
r e s u l t s  i n d i c a t e  t h a t  t h e  l u m in e s c e n t  e x c i t e d  s t a t e  i s  
an i n t e r m e d i a t e  i n  t h e  p h o t o s u b s t i t u t i o n  r e a c t i o n .
R e c e n t l y ,  t h e  q u e n c h in g  o f  b o t h  t h e
lu m in e s c e n c e  and t h e  s u b s t i t u t i o n a l  p h o t o c h e m is t r y  o f  
t r i s  -  b i p y r i d i n e r u t h e n i u m ( I I )  b r o m id e  w e re
i n v e s t i g a t e d " * * ’ . T h e  s p e c i f i c  s y s te m  e x a m in e d  was 
C R u ( b ip y ) 3 ] B r 2 d i s s o l v e d  i n  d i m e t h y l f o r m a m id e  
(D M F ), i n  w h ic h  0 . 1  M TBABr was p r e s e n t .  The  q u e n c h e r
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s e l e c t e d  was f e r r o c e n e  b e c a u s e  i t  was n e u t r a l  and t h u s  
i t  was u n l i k e l y  t o  i n t e r f e r e  w i t h  a n y  i o n  -  p a i r i n g  
e q u i l i b r i u m  t h a t  m ig h t  b e  i n v o l v e d .  A l t h o u g h  many 
p u b l i c a t i o n s  had  a l r e a d y  e s t a b l i s h e d  t h e  o c c u r r e n c e  o f  
p h o t o a n a t i o n  o f  CRu ( b i p y ) s U * 32 **° w h ic h  can  b e
a p p r e c i a b l e  i n  o r g a n i c  s o l v e n t s ,  t h e  m echan ism  o f  t h e  
s u b s t i t u t i o n  p r o c e s s  and  t h e  i d e n t i f i c a t i o n  o f  t h e  
r e s p o n s i b l e  e x c i t e d  s t a t e  w e re  n o t  w e l l  d e t e r m in e d .  
T h e r e f o r e ,  t h e  i n v e s t i g a t i o n  c a r r i e d  o u t  b y  F a s a n o  and  
H o g g a r d ^  was a  new a t t e m p t  t o  h e l p  c h a r a c t e r i z e  t h e  
p h o t o c h e m i c a l l y  r e a c t i v e  e x c i t e d  s t a t e .  I n  o r d e r  t o  
a c c o m p l is h  t h a t ,  t h e  q u e n c h in g  o f  t h e  p h o t o a n a t i o n  o f  
CRu ( b i p y )  by  f e r r o c e n e  i n  DMF was e x a m in e d  and
com pared  w i t h  t h e  lu m in e s c e n c e  i n t e n s i t y  q u e n c h in g .  
T h e i r  r e s u l t s  w e re  : t h e  S t e r n  -  V o lm e r  p l o t s  o f  t h e
q u e n c h in g  o f  lu m in e s c e n c e  i n t e n s i t y  and o f  t h e  
p h o t o a n a t io n  r e a c t i o n  w e r e  1 i n e a r ; t h e  p h o t o a n a t io n  
r e a c t i o n  was m o n i t o r e d  b y  m e a s u r in g  t h e  d is a p p e a r a n c e  
o f  t h e  a b s o r p t i o n  o f  C R u ( b ip y ) 3 3 B r3  and by  
f o l l o w i n g  t h e  p r o d u c t i o n  o f  C R u ( b ip y ) =.( D M F ) B r } * 1 , 
t h e  m a jo r  p r o d u c t  t h a t  was fo rm e d  i n  t h i s  p a r t i c u l a r  
q u e n c h in g  r e a c t i o n ;  t h e  S t e r n  -  V o lm e r  p l o t s  showed a  
q u e n c h in g  r a t e  c o n s t a n t  3  t im e s  g r e a t e r  t h a n  t h a t  o f  t h e  
lu m in e s c e n c e  i n t e n s i t y  f o r  t h e  p h o t o s u b s t i  t u t i  on 
r e a c t i o n .  Even th o u g h  t h i s  e x p e r i m e n t a l  e v id e n c e
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s u g g e s te d  s t r o n g l y  t h a t  t h e r e  was a t  l e a s t  a  p a r t i a l  
p a r t i t i o n i n g  o f  p h o t o s u b s t i t u t i o n  and t h e  lu m in e s c e n c e  
among s e p a r a t e  e x c i t e d  s t a t e s ,  i t  a l s o  a r g u e d  a g a i n s t  a  
m odel i n  w h ic h  b o t h  e x c i t e d  s t a t e s  w o u ld  b e  i n  t h e r m a l  
e q u i 1 i b r i u m .
I n v e s t i g a t i o n s  h a v e  s u p p o r te d  a  k i n e t i c  model 
w h ic h  assum es t h a t  t h e  o b s e r v e d  p h o to c h e m ic a l  r e a c t i o n s  
o c c u r  f r o m  LF e x c i t e d  s t a t e s  w h ic h  a r e  i n  t h e r m a l  
e q u i 1 i b r i u m  w i t h  t h e  *MLCT e x c i t e d  s t a t e s .  In  
r e f e r e n c e 113  was s t u d i e d  t h e  p h o to c h e m i c a l  r e a c t i o n  
o f  C R u ( b i p y ) i n  0 . 1  M HC1 a t  t e m p e r a t u r e s  
b e tw e e n  3 1 3  and 3 6 8  K. I t  was fo u n d  t h a t  t h e  
p h o to c h e m i c a l  r e a c t i o n  o f  CRu ( b i p y )  3 ]-^= o c c u r s  i n  
c o m p e t i t i o n  w i t h  t h e  lu m in e s c e n c e  o f  t h e  c o m p le x .  
A d d i t i o n a l l y ,  t h e  a p p a r e n t  a c t i v a t i o n  e n e r g i e s  o b t a i n e d  
f r o m  p l o t s  o f  I n  (Qp,^) v s .  1 /  T ( K )  w e re  s im i  l a r  i n  
m a g n i tu d e  t o  t h e  v a l u e s  o b t a i n e d  i n  t h e  a n a l y s i s  o f  
lu m in e s c e n c e  d a t a * * * .  T h i s  e x p e r i m e n t a l  e v i d e n c e  was  
t a k e n  t o  b e  an i n d i  c a t i o n  t h a t  t h e  e x c i t e d  s t a t e  
i n v o l v e d  i n  t h e  lu m in e s c e n c e  q u e n c h in g  m ig h t  a l s o  be  
i m p l i c a t e d  i n  t h e  p h o to c h e m ic a l  r e a c t i o n .  A g e n e r a l  
k i n e t i c  t r e a t m e n t  o f  t h e  e x p e c t e d  p h o to c h e m i c a l  quantum  
y i e l d  f r o m  an e q u i l i b r i u m  m i x t u r e  o f  tw o  e x c i t e d  s t a t e s  
h a s  been  p r e s e n t e d  b y  W agner 11<* .
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M e y e r  e t  a l . " * * '  10,r d u r i n g  t h e  c o u r s e  o f  
s t u d i e s  o f  t h e  p h o t o c h e m is t r y  o f  C R u ( b i p y ) s i - 38 and  
r e l a t e d  c o m p le x e s ,  o f  t h e  g e n e r a l  f o r m u l a t i o n  
CRu ( b i p y )  a L l * 32, h a v e  a l s o  a n a ly z e d  t h e i r  d a t a  
a s s u m in g  t h a t  a  t h e r m a l  e q u i l i b r i u m  i s  i n v o l v e d  b e tw e e n  
t h e  e x c i t e d  s t a t e s  o f  t h e  c o m p le x e s .
T h e i r  s i m p l i f i e d  k i n e t i c  schem e i s  shown
b e lo w  s
h v
C R u ( b i p y ) ( B S )   > Z R u  ( b i p y )  ( aMLCT)
CRu (bipy) z L1*z (»MLCT)----->“CRu(bipy)zL3*=:(='MLCT)
k i
( 3 MLCT)   » C R u (b ip y )  (GS) ( k *  «  k.- + k nr- )
k z
( 3 M LCT) > ( L F )  ( d - d )
l < 3
(L F )  ( d - d )  —  > p h o t o p r o d u c t s  o r  g ro u n d  s t a t e .
E v id e n c e  f r o m  t h e  w o rk  o f  M a lo u f  and  
F o r d 11® and t h a t  o f  F i g a r d  and  P e t e r s e n 11<s a l s o  
s u g g e s t  t h a t  t h e r m a l l y  e q u i l i b r a t e d  ^MLCT and  LF  
e x c i t e d  s t a t e s  can  o c c u r .
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T h e r e f o r e ,  t h e  r e s u l t s  p r e s e n t e d  i n  
r e f e r e n c e ' * *  w e re  i n  c l e a r  c o n f l i c t  w i t h  t h e  p r e v i o u s  
t r e a t m e n t .
From  a n o t h e r  p e r s p e c t i v e ,  t h e  l a r g e r  Ke v  
f o r  t h e  p h o t o s u b s t i t u t i o n  r e a c t i o n  c o u ld  a l t e r n a t i v e l y  
i m p ly  a  l o n g e r  l i f e t i m e  f o r  t h e  LF e x c i t e d  s t a t e ,  
r a t h e r  t h a n  a l a r g e r  b i m o l e c u l a r  q u e n c h in g  r a t e  
c o n s t a n t .  A l o n g e r  l i f e t i m e  c o u ld  r e s u l t  i f  t h e  LF  
s t a t e  w e re  lo w e r  i n  e n e r g y  t h a n  t h a t  o f  t h e  lu m in e s c in g  
MLCT s t a t e .
I n  r e f e r e n c e 113  t h e  p h o t o c h e m is t r y  o f  
C R u ( b ip y ) 3 3CSCNDz  d i s s o l v e d  i n  DMF was s t u d i e d  a t  
d i f f e r e n t  c o n c e n t r a t i o n s  o f  t h e  t h i o c y a n a t e  s a l t .  The  
m echan ism s by  w h ic h  t h e  p r o d u c t s  w e re  fo r m e d  c o u ld  n o t  
b e  c o n c l u s i v e l y  e s t a b l i s h e d  a l t h o u g h  tw o  p o s s i b l e  
r e a c t i o n  schem es w e re  p r o p o s e d .  The f i r s t  i n v o l v e d  a  
c l a s s i c a l  s e c o n d a r y  p h o t o l y s i s  i n  w h ic h  o n e  l i g a n d  X~ 
w o u ld  c o o r d i n a t e  t o  fo r m  t h e  f i r s t  p h o t o p r o d u c t ,  
C R u ( b i p y ) z ( D M F ) X I * 1 , f o l l o w e d  by  a  seco n d  
p h o to p r o c e s s  i n  w h ic h  a  DMF m o le c u le  w o u ld  b e  r e p l a c e d  
b y  a n o t h e r  l i g a n d  t o  fo r m  C R u ( b ip y ) 2 X2 ] .  The  
a l t e r n a t i v e  io n  -  m u l t i p l e t  m odel s u g g e s te d  t h a t  t h e  
tw o  p r o d u c t s  w e re  fo rm e d  f r o m  C R u ( b ip y ) 3 ] * z  i n  
d i f f e r e n t  s t a t e s  o f  i o n  a g g r e g a t i o n  :
2 0 0
CRu ( b i p y )  =  (DMF) X l * 1 , P x ,  f ro m  t h e  io n  p a i r  and  
C R u ( b ip y ) z Xz ] ,  Pa , f r o m  t h e  io n  t r i p l e t .  I n  
r e f e r e n c e  t h e  s y s te m  C R u ( b ip y ) 3 ] B r 2 , R , 
d i s s o l v e d  i n  DMF i n  t h e  p r e s e n c e  o f  B r _ was s t u d i e d ;  
i t  was c o n s id e r e d  t h a t  t h e  o b s e r v e d  p h o t o c h e m is t r y  
c o u ld  b e  b e t t e r  d e s c r i b e d  b y  t h e  io n  -  m u l t i p l e t  m o d e l ,  
w i t h  o n e  m o d i f i c a t i o n  a l l o w i n g  t h e  f o r m a t i o n  o f  t h e  
m o n o s u b s t i t u t e d  p h o t o p r o d u c t  f r o m  t h e  io n  -  t r i p l e t .  
T h i s  schem e can  b e  w r i t t e n  a s  f o l l o w s  :
hv
R ------------------------->  R *
Kx
R *  + B r ~ y   » R * /  B r~
K2
R *  /  B r -  +  B r ~ -   — *>R *  /  2B r ~
Qx
R *  /  B r~  -------------------------»
Q*
R *  /  2 B r~  ---------------------- >  P t + B r~
Q3
R *  /  2Bi—  ------------ -----------
2 .  D i s c u s s i o n .
2 0 1
The a b o v e  m e n t io n e d  c o n c l u s i o n s 4 *  d i d  n o t  
a g r e e  w e l l  e i t h e r  w i t h  t h e  c u r r e n t l y  a c c e p t e d  model
( F i g u r e s  6  and 7 )  n o r  w i t h  some r e l a t e d  r e s u l t s  
o b t a i n e d  i n  o u r  l a b o r a t o r y .  T h e r e f o r e ,  i n  t h e  p r e s e n t  
w ork  f i r s t  t h e  e q u i v a l e n t  c h l o r i d e  s y s te m  was  
i n v e s t i g a t e d .
I n  o r d e r  t o  e v a l u a t e  t h e  lu m in e s c e n c e  
q u e n c h in g  i t  was d e c id e d  t o  m e a s u re  t h e  lu m in e s c e n t  
l i f e t i m e s  r a t h e r  t h a n  t h e  i n t e n s i t i e s  i n  o r d e r  t o  a v o id  
a n y  i n n e r  -  f i l t e r  e f f e c t  a s s o c i a t e d  t o  t h e  u s e  o f  
f e r r o c e n e .  The c o r r e s p o n d in g  S t e r n  -  V o lm e r  p l o t s  f o r  
t h e  f e r r o c e n e  q u e n c h in g  o f  b o t h  t h e  lu m in e s c e n t  
l i f e t i m e  and p h o t o s u b s t i t u t i o n  r e a c t i o n  o f
CRu ( b i p y )  3:]C1Z i n  a  s o l u t i o n  t h a t  was 0 . 1 0  M TBAC1 
i n  DMF a r e  shown i n  F i g u r e  14 ( e x p e r i m e n t a l  d a t a  a r e  
g i v e n  i n  T a b le  I I I ) .  The  l i f e t i m e  q u e n c h in g  p l o t
y i e l d e d  a s l o p e ,  Ks v , o f  3 , 0 7 0  ±  6 0 0  M” 1 . An
a v e r a g e  o f  t h r e e  s e p a r a t e  m e a s u re m e n ts  o f  t h e  
lu m in e s c e n c e  l i f e t i m e  o f  t h e  d i s s o l v e d  co m p lex  i n  t h e  
a b s e n c e  o f  t h e  q u e n c h e r  g a v e  a  v a l u e  o f  7 7 0  n s e c .  T h u s ,  
t h e  c o r r e s p o n d in g  q u e n c h in g  r a t e  c o n s t a n t  was e v a l u a t e d  
t o  be  4 . 0 . 10~** M- 1 s e c _ l  , i n  r e l a t i v e l y  good  
a g r e e m e n t  w i t h  t h e  v a l u e  o f  5 . 9 . 1 0 ^  ( ±  10%)
M~xs e c ~ 1 r e p o r t e d  f o r  t h e  same q u e n c h in g
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e x p e r i m e n t ,  i n  EtOH (n o  s a l t )  b y  W r ig h to n  e t  a l . * * 1 . 
F a s a n o  and H o g g a rd  n o t i c e d  t h e  p e c u l i a r  f a c t  t h a t  t h e  
KBv  v a l u e  o f  t h e  q u e n c h in g  o f  C R u ( b ip y ) 3 ]C 1 2  
e m is s io n  by  f e r r o c e n e  i n  EtOH "*x had  a  v a l u e  o f  5 , 3 0 0  
M- 1  w h ic h  was 6  t i m e s  g r e a t e r  t h a n  t h a t  o b t a i n e d  by  
them  f o r  f e r r o c e n e  i n  DMF, a  s o l v e n t  t h a t  h a s  a  lo w e r  
v i s c o s i t y  t h a n  t h a t  o f  E tO H . H o w e v e r ,  i t  i s  d o u b t f u l  
t h a t  t h e  c o m p a r is o n  i s  w o r t h w h i l e  b e c a u s e  (B r ig h to n  e t  
a l . used  p u r e  EtOH t o  w h ic h  no C l -  s u p p o r t i n g  
e l e c t r o l y t e  was a d d e d .
The  e v a l u a t i o n  o f  t h e  s l o p e s  f o r  t h e  
q u e n c h in g  o f  t h e  p h o t o s u b s t i t u t i o n  p r o c e s s  o f  
C R u ( b ip y ) 3 1C1Z was m ore  d i f f i c u l t ,  b e c a u s e  t h e  
f e r r o c e n e  a b s o rb e d  a f r a c t i o n  o f  t h e  i n c i d e n t  r a d i a t i o n  
and a l s o  u n d e r g o e s  a  p h o t o r e a c t i o n 4 *  . No 
c o r r e c t i o n s  w e re  made f o r  t h e  g e n e r a t i o n  o f  t h e  tw o  
p h o t o p r o d u c t s  t h a t  h a v e  b ee n  c la im e d  t o  b e  i s o l a t a b l e  
( w i t h  quantum  y i e l d s  lo w e r  t h a n  1 .  1 0 ~ 3 ) a f t e r  
i r r a d i a t i o n  o f  s o l u t i o n s  c o n t a i n i n g  o n l y  f e r r o c e n e  a s  
t h e  s o lu te " * ^  . N e v e r t h e l e s s ,  t h e  m e a s u re d  a b s o r p t i o n  
s p e c t r a ,  o f  t h e  s t a r t i n g  co m p lex  and t h o s e  o f  t h e  f i r s t  
p h o t o p r o d u c t ,  C R u ( b ip y ) 3 (D M F)C l I * 1 , w h ic h  had  a  
maximum l o c a t e d  a t  5 2 0  nm, w e re  c o r r e c t e d  f o r  t h e  
p a r t i a l  a b s o r p t i o n  o f  t h e  i n c i d e n t  l i g h t  b y  f e r r o c e n e  .
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T h e  m o la r  a b s o r p t i o n  c o e - f -F ic ie n t  o f  t h e  
s t a r t i n g  co m p lex  was d i r e c t l y  d e t e r m in e d ,  w h i l e  t h a t  
o f  t h e  sec o n d  p h o t o p r o d u c t ,  C R u ( b ip y ) 2 C1Z 3 , w ic h  
h a s  a  maximum l o c a t e d  a t  5 5 8  nm was e x p e r i m e n t a l l y  
e v a l u a t e d  b y  m o n i t o r i n g  t h e  c h a n g e s  i n  t h e  a b s o r p t i o n  
s p e c t r u m  o f  a  s o l u t i o n  o f  known i n i t i a l  c o n c e n t r a t i o n  
o f  C R u ( b ip y ) s 3 C l 2  u n d e r  p h o t o l y t i c  i r r a d i a t i o n  
u n t i l  no f u r t h e r  m o d i f i c a t i o n  o f  t h e  s p e c t r a l  f e a t u r e s  
was d e t e c t e d .  A t o t a l  c o n v e r s io n  was ass u m ed ; t h i s  
a s s u m p t io n  was s a t i s f a c t o r i l y  c o r r o b o r a t e d  b y  m e a s u r in g  
t h e  a b s o r p t i o n  s p e c t r u m  o f  a n o t h e r  f r e s h  s o l u t i o n  o f  
CRu ( b i p y )  3.013:3 t h a t  had  t h e  same c o n c e n t r a t i o n . The  
s p e c t r a  and  t h e  a b s o r b a n c e s  a t  5 5 8  nm, w i t h i n  
e x p e r i m e n t a l  e r r o r  w e re  i d e n t i c a l . T h e  m o la r  a b s o r p t i o n  
c o e f f i c i e n t  f o r  t h e  f i r s t  p h o t o p r o d u c t  was e s t i m a t e d  
l i k e  t h a t  v a l u e  f i t t i n g  t h e  m eas u red  a b s o r b a n c e  a t  4 5 0  
nm, a f t e r  16 m in o f  i r r a d i a t i o n ,  a s s u m in g  a  p r e v i o u s l y  
r e p o r t e d  <s*3' r e l a t i v e  d i s t r i b u t i o n  o f  p h o t o p r o d u c t s  
and u n r e a c t e d  s t a r t i n g  co m p lex  o b t a i n e d  f o r  t h e  s y s te m  
C R u ( b ip y ) 3 3 B r 2 i n  DMF i r r a d i a t e d  i n  t h e  p r e s e n c e  o f  
TB A B r. The  B e e r  -  L a m b e r t  Law o f  a b s o r p t i o n  was assumed  
i n  t h e  c a l c u l a t i o n  o f  t h e  m o la r  a b s o r p t i o n  c o e f f i c i e n t  
o f  t h e  f i r s t  p h o t o p r o d u c t ,  P ,  s
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A (A.) =  Er  ( A )C R :  + Er»i ( X  ) CPX 3 +  EPZ ( X  ) CP^a
^  = 4 5 0  nm.
CR3 + I  P i ]  +  CP3 3 = i  Ra ]
A t  16 m in  o-f i r r a d i a t i o n  s C P i3 /C R 0 3 =  0 . 2 4 ;  CPzD/CRe,] =  
0 . 0 2  ; CR3/CR0 D =  0 . 7 4 .
A f t e r  a l 1 t h e s e  d i f f i c u l t i e s  a r e  c o n s i d e r e d ,  
i t  a p p e a r s  t h a t  t h e  d i f f e r e n c e  b e tw e e n  t h e s e  tw o  s l o p e s  
< 3 ,0 7 0  ±  6 0 0  M - » ,  f o r  T 0 „ / T _ ,  v s .  1 , 7 8 0  ±  7 0 0  
M- 1  f o r  BphD/Q p h ) i s  p r o b a b l y  n o t  s i g n i f i c a n t ,  
a n d ,  m ore i m p o r t a n t l y ,  t h e  o b s e r v e d  t r e n d  i s  d i f f e r e n t  
f ro m  t h e  p r e v i o u s  r e s u l t - * *  i n  w h ic h  t h e  lu m in e s c e n c e  
q u e n c h in g  had t h e  s m a l l e r  s l o p e .
I n  o r d e r  t o  a v o id  t h e  p r o b le m s  a s s o c i a t e d  
w i t h  t h e  u s e  o f  f e r r o c e n e  a s  a  q u e n c h e r ,  t h e  q u e n c h in g  
o f  b o t h  t h e  lu m in e s c e n c e  and t h e  p h o t o s u b s t i t u t i o n  by  
o xy g en  w e re  i n v e s t i g a t e d .  O xygen i s  a  good q u e n c h e r  b u t  
d o e s  n o t  a b s o rb  a n y  o f  t h e  i n c i d e n t  r a d i a t i o n  t h a t  i s  
u s e d  i n  t h e  e x p e r im e n t s  t h a t  w e r e  d o n e .  The  s e l e c t e d  
s y s te m  was C R u ( b i p y ) s l C l z  i n  a  0 . 1 0  M s o l u t i o n  o f  
TBAC1 i n  CH3 CN. The  S t e r n  -  V o lm e r  p l o t s  f o r  t h e  
q u e n c h in g  o f  b o th  p r o c e s s e s ,  lu m in e s c e n c e  l i f e t i m e s  and  
p h o t o s u b s t i t u t i o n ,  w e r e  d e t e r m in e d  ( F i g u r e  1 5 ) .  T a b le
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I V  s u m m a r iz e s  t h e  e x p e r i m e n t a l  d a t a .  T h e  s o l u b i l i t i e s  
o f  0 2  i n  t h e  d i f f e r e n t s  s o l v e n t s  M e re  e s t i m a t e d  i n  
t h e  m anner e x p l a i n e d  i n  t h e  p e r t i n e n t  s e c t i o n  o f  
E x p e r im e n t a l  R e s u l t s .  The  q u e n c h in g  o f  t h e  
p h o t o s u b s t i t u t i o n  Mas fo u n d  t o  y i e l d  a  S t e r n  -  V o lm e r  
p l o t  v e r y  n e a r l y  i d e n t i c a l  t o  t h a t  o f  t h e  q u e n c h in g  o f  
t h e  lu m in e s c e n c e  1 i f e t i m e  (5 0 6  ±  4 0  f o r  T0 » / T .  v s .
4 7 0  ±  6 0  f o r  B p n o /Q p h ) . T h e  q u e n c h in g  r a t e  c o n s t a n t  
o f  t h e  lu m in e s c e n c e ,  e v a l u a t e d  f r o m  Ks v  = k „ T 0 .  
y i e l d e d  a  v a l u e  o f  6 . S  . 1 0 ^ °  M—1s e c —1 , someMhat  
l o w e r  t h a n  t h e  v a l u e s  3 . 3  . 10"'*5' M- 1 s e c - 1  (H2 0  
s o l v e n t )  and 1 . 7 .  lO 4"5' M~1s e c - 1 (MeOH s o l v e n t )  
r e p o r t e d  by  Demas e t  a l . * * 3  . A g a in ,  i t  s h o u ld  be  
n o t e d  t h a t  t h e  Demas e x p e r im e n t  s'5'3  M e re  c a r r i e d  o u t  
M i t h  p u r e  s o l v e n t s .
T h e  r e s u l t s  o b t a i n e d  i n  t h e  p r e s e n t  w o rk  f o r  
t h e  tw o  s y s te m s  a l r e a d y  d e s c r i b e d ,  d i s a g r e e d  w i t h  t h e  
p r e v i o u s l y  r e p o r t e d  o b s e r v a t i o n s 4 *  and p ro m p te d  t h e  
r e i n v e s t i g a t i o n  o f  t h e  b r o m id e  s y s te m  i n  DMF, i n  o r d e r  
t o  h a v e  e q u i v a l e n t  c o n d i t i o n s  ( i . e .  s u p p o r t i n g  
e l e t r o l y t e )  and t h u s  t o  rem o ve  t h e  v a g a r i e s  o f  io n  -  
p a i r i n g ,  w h ic h ,  h a v e  an i m p o r t a n t l y  r e c o g n i z e d ,  
a l t h o u g h  n o t  w e l l  d e f i n e d  r o l e ,  i n  t h e s e  s y s te m s .
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F e r r o c e n e  was fo u n d  t o  quench t h e  3 MLCT 
lu m in e s c e n c e  o f  C R u tb ip y J ^ J B r ^  i n  a  0 . 1 0  M TBABr 
s o l u t i o n  i n  DMF a t  a  n e a r l y  d i f f u s i o n  -  c o n t r o l l e d  r a t e
<kc =  3 . 2  . 10"'*3' M- l s e c - 1 ) .  The
p h o t o s u b s t i t u t i o n  was a l s o  q u e n c h e d .  I n  f a c t ,  t h e  
l i n e a r  S t e r n  -  V o lm e r  p l o t s  had  s l o p e s  ( T a b l e  V) t h a t  
w e re  i d e n t i c a l  w i t h i n  e x p e r i m e n t a l  e r r o r  ( 1 , 2 1 0  ±  2 0 0
f o r  T0 „ / T „  v s .  1 , 1 7 0  ±  3 0 0  f o r  Qph^/Qphx; i n  
t h i s  c a s e ,  by  a b s o r p t i o n  s p e c t r o s c o p y ,  t h e  a p p e a r e n c e  
o f  t h e  sec o n d  p h o t o p r o d u c t  was a l s o  f o l l o w e d ,  and  Ksv  
f o r  Q p h o z /Q p h s  was d e t e r m in e d  t o  be  1 , 1 2 6  ±  2 0 0 ) .
F i g u r e  16 d i s p l a y s  t h e  S t e r n  -  V o lm e r  p l o t s  o f  t h e  
e x p e r im e n t s  j u s t  d e s c r i b e d .  The  v a l u e  o f  t h e s e  s lo p e s  
a g r e e d  r e a s o n a b l y  w e l l  w i t h  t h e  p r e v i o u s l y  r e p o r t e d  
v a l u e  f o r  t h e  Ks v  o f  t h e  q u e n c h in g  o f  t h e  
lu m in e s c e n c e  (8 2 6  ±  6  M- 1 ) * *  b u t  n o t  w i t h  t h a t  o f
t h e  q u e n c h in g  o f  t h e  p h o t o s u b s t i t u t i o n  ( 2 , 5 3 0  ±  6 2 0  ,
o r  2 , 8 2 5  ±  5 8 0  M- 1 ) “***.
I n  o r d e r  t o  f u r t h e r  s u b s t a n t i a t e  t h e  c o l l e c t e d  
e x p e r i m e n t a l  e v i d e n c e ,  q u e n c h in g  b y  o xy g en  was  
a t t e m p t e d .  U n f o r t u n a t e l y ,  t h e  p r e p a r a t i o n  o f  s a m p le s ,  
d e s c r i b e d  i n  t h e  e x p e r i m e n t a l  s e c t i o n ,  had  t o  be  
m o d i f i e d  b e c a u s e  o f  t h e  d a n g e r  d u r i n g  t h e  s e a l i n g  o f  
t h e  c u v e t t e s  c o n t a i n i n g  t h e  s a m p le s  d i s s o l v e d  i n  DMF;
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e x p l o s i o n s  o c c u r r e d ,  e s p e c i a l l y  when t h e  h i g h e r  0 Z 
p r e s s u r e s  w e re  u s e d .  A r a t h e r  m odest s e t  o f  e x p e r im e n t s  
was c a r r i e d  o u t ;  j u s t  t h r e e  0 Z c o n c e n t r a t i o n s ,  u n d e r  
c o n d i t i o n s  d e s c r ib e d  i n  T a b l e  V I ,  w e re  u s e d .  A g a in ,  t h e  
c o n c e n t r a t i o n s  o f  0 Z w e r e  e s t i m a t e d  w i t h  t h e  u s e  o f  a  
v a l u e  f o r  H e n r y ’ s  c o n s t a n t  and t h e  a p p r o x im a t i o n  g iv e n  
i n  T a b l e  V I .  T h e  KSv  v a l u e s  w e re  p r a c t i c a l l y  
i d e n t i c a l  ( 2 8 3  ±  2 2  f o r  T „ „ /T « . ,  2 7 2  ±. 3 0  f o r
Q p h o i /Q p h i ,  and 2 8 9  ±  2 5  f o r  Qp h o2 /Q Ph2 ) f o r
a l l  t h e  q u e n c h in g  p r o c e s s e s  t h a t  w e re  s t u d i e d ,  a l t h o u g h  
t h e  o b t a i n e d  v a l u e s  w e r e  n o t o r i o u s l y  lo w e r  t h a n  t h e  
p r e v i o u s  r e s u l t s  o f  t h i s  w o r k .  The  lo w e r  v a l u e s  w e re  
p r o b a b ly  d u e  t o  a  d i f f e r e n t  and l e s s  e f f e c t i v e  i n i t i a l  
d e g a s s in g  o f  t h e  s a m p le s .  A c e r t a i n  d e g r e e  o f  q u e n c h in g  
o c c u r r e d  b e c a u s e  some d i  s s o lv e d  0 2 was n o t  rem oved  
d u r i n g  t h e  d e g a s s in g  p r o c e s s .  In  a n y  c a s e ,  t h e  S t e r n  -  
V o lm e r  p l o t s  ( F i g u r e  1 7 )  w e re  s i m i l a r .
F i n a l l y ,  t h e  q u e n c h in g  o f  b o t h  t h e  
p h o t o s u b s t i t u t i o n  and t h e  1 i f e t i m e  o f  t h e  l u m in e s c e n t  
s t a t e  o f  C R u ( b ip y ) 3 3 B r2  i n  a  0 . 1 0  M s o l u t i o n  o f
TBABr i n  C H ^C l= b y  f e r r o c e n e  and a l s o  by  o x y g e n
w e re  e x a m in e d  ( e x p e r i m e n t a l  d a t a  i n  T a b le s  V I I  and  
V I I I ,  r e s p e c t i v e l y ) . I n  e a c h  c a s e ,  t h e  c o r r e s p o n d in g  
l i n e a r  S t e r n  -  V o lm e r  p l o t s  had s i m i l a r  s l o p e s ,  ( 4 , 8 4 0
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±  5 0 0  M- 1  f o r  T a m / T m and  5 , 0 7 0  ±  1 , 2 0 0  M~l  f o r
Q p h o z /Q p h z ,  when f e r r o c e n e  was t h e  q u e n c h e r ;  1 66  ±
3 0  M_ 1 ' f o r  T d . / T «  and 147  ±  4 0  M- 1  f o r
Q p h o a /Q p h z  , when o x y g e n  was t h e  q u e n c h e r ) .  F i g u r e s  
18 and 19 i l l u s t r a t e  t h e  S t e r n  -  V o lm e r  p l o t s  o b t a i n e d  
f o r  t h e s e  l a s t  tw o  e x p e r im e n t s .
3 .  C o n c lu s io n s .
The  q u e n c h in g s  o f  b o t h  p r o c e s s e s ,  
lu m in e s c e n c e  and p h o t o s u b s t i t u t i o n ,  a r e  v e r y  s i m i l a r  
and t h e  s i m i l a r i t i e s  a r e  d e m o n s t r a te d  b y  t h e  c l o s e  
v a l u e s  o f  Kb v  f o r  e a c h  g ro u p  o f  t h e  d i f f e r e n t  S t e r n  -  
V o lm e r  p l o t s  o b t a i n e d  f o r  t h e  s y s te m s  t h a t  w e re  
i n v e s t i g a t e d .  The  new e x p e r i m e n t a l  e v i d e n c e  g a t h e r e d  i n  
t h e  p r e s e n t  w ork  i n d i c a t e s  t h a t  t h e  e x c i t e d  s t a t e  
a f f e c t e d  b y  e i t h e r  f e r r o c e n e  o r  o xy g en  i s  i n v o l v e d  i n  
b o th  p r o c e s s e s .  T h e  lu m in e s c e n c e  i s  known t o  o c c u r  f ro m  
t h e  3 MLCT. Q u e n c h in g  o f  t h i s  e x c i t e d  s t a t e  a l s o  
r e s u l t s  i n  a  l e s s e r  p o p u l a t i o n  o f  t h e  LF e x c i t e d  s t a t e ,  
and c o n s e q u e n t l y ,  a  lo w e r  p h o t o s u b s t i t u t i o n  y i e l d .  The  
r e s u l t s  o b t a i n e d  i n  t h e  p r e s e n t  w o rk  a r e  i n  a g r e e m e n t  
w i t h  t h e  p o s t u l a t e d  g e n e r a l  m odel t h a t  r e p r e s e n t s  t h e  
p h o t o p h y s i c a l  p r o c e s s e s  t h a t  t a k e  p l a c e  when 
C R u t b i p y ) ^ ! * 3  i s  e x c i t e d  upon i r r a d i a t i o n .  H o w e v e r ,  
i t  m ust b e  p o i n t e d  o u t  t h a t ,  a s  lo n g  a s  o n l y  t h e
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SMLCT i s  q u e n ch ed  b y  t h e  a d d i t i v e ,  t h e  e x c i t e d  
3 MLCT and LF s t a t e s  n e e d  n o t  n e c c e s a r i l y  b e  i n  
t h e r m a l  e q u i l i b r i u m  t o  show s i m i l a r  S t e r n  -  V o lm e r  
p l o t s .
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DISCUSSION B . CORRELATION OF LIGAND F IE L D  
EXCITED -  STATE ENERGIES WITH LIGAND F IE L D  STRENGTHS IN  
CPOLYPYRIDINE) RUTHENIUM( 1 1 ) COMPLEXES.
1 . I n t r o d u c t i o n .
The  t e m p e r a t u r e  d e p e n d e n c e s  o f  t h e  e m is s io n  
i n t e n s i t i e s  and l i f e t i m e s  o f  t h e  c o m p le x e s  t r i s  -  
b i p y r i d i n e r u t h e n i u m ( I I ) , 4 , 5  -  d i a z a f l u o r e n y l  -  b i s  -
2 , 2 '  b i p y r i d y l r u t h e n i u m ( I I ) , and c i s  -  b i s p y r i d y l  -  b i s  
-  2 , 2 ’ b i p y r i d y l r u t h e n i u m d I > , w e r e  e v a l u a t e d .  I n  t h e  
c a s e s  o f  t h e  tw o  l a t t e r  c o m p le x e s  ,
ERu ( b i p y )  z  ( d i a z ) I'*'3 , and  ERu ( b i p y )  =. <py) 3 ] + 2 , 
t h a t  h a v e  w e a k e r  l i g a n d  f i e l d s  t h a n  t h a t  o f  
ERu ( b i p y )  a  d r a m a t i c  d e c r e a s e  i n  b o th  t h e
e m is s io n  i n t e n s i t y  and  1 i f e t i m e  o c c u r s  n e a r  170  K; a  
t r e n d  t o  lo w e r  i n t e n s i t i e s  and l o w e r  l i f e t i m e s  
c o n t i n u e s  a t  h i g h e r  t e m p e r a t u r e s .  T h i s  b e h a v i o r  i s  
a s c r i b e d  t o  p o p u l a t i o n  o f  a  L F  e x c i t e d  s t a t e  t h a t  l i e s  
o n l y  a b o u t  2 , 0 0 0  cm- 1  a b o v e  t h e  l o w e s t  MLCT e x c i t e d  
s t a t e .  T h i s  2 , 0 0 0  cm- 1  v a l u e  i s  much l e s s  t h a n  t h a t  
o f  E R u ( b i p y > b u t  i t  i s  c o n s i s t e n t  w i t h  t h e  
p r e d i c t i o n  o f  lo w e r  l y i n g  d -  d *  e x c i t e d  s t a t e s  f o r  
E R u ( b ip y ) 3 ( d i a z ) 3^ 3 and f o r  E R u ( b i p y ) z (p y )
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A weak e m is s io n  can  be o b s e r v e d  i n  t h e  
v i c i n i t y  o f  2 6 0  -  3 3 0  K . A f t e r  a  c a r e f u l 1 a n a l y s i s ,  t h i s  
weak e m is s io n  was c o n s id e r e d  t o  come f r o m  an i m p u r i t y ,  
m ost l i k e l y ,  C R u (b ip y )s J '4"2 .
The d a t a  c o l l e c t e d  i n  t h i s  w o rk  w e re  
i n t e r p r e t e d  t o  f i t  t h e  c u r r e n t l y  a c c e p t e d  m odel o f  t h e  
p h o t o p h y s ic s  p r o c e s s e s  o f  C R u(b i p y ) z L l ^ 2 c o m p le x e s .
T h e  good f i t  r e d e m o n s t r a t e d  n i c e l y  t h a t  t h e  a c t i v a t i o n
e n e r g i e s  b e tw e e n  t h e  MLCT and t h e  LF e x c i t e d  s t a t e  
d e c r e a s e  w i t h  a  d e c r e a s i n g  a v e r a g e  o f  l i g a n d  f i e l d  
s t r e n g t h ,  a  c o r r e l a t i o n  w h ic h  , e ve n  when i t  i s  t h e  
e x p e c t e d  o n e ,  had b ee n  r e p o r t e d  n o t  t o  e x i s t  i n  t h e  
p h o t o p h y s ic s  o f  t h e  c o m p le x e s  C R u ( b ip y ) * ( d i a z > 
and CRu ( b i p y )  = (p y )  2 ]-*-=s =***. m
E x t e n s i v e s t u d i e s  on t h e  co m p lex
t r i s ( b i p y r i d i n e ) r u t h e n i u m ( I I ) , C R u ( b i p y ) , h a v e  
l e d  t o  t h e  model shown i n  F i g u r e s  6  and 7 .  I t  h a s  been
a l r e a d y  s t a t e d  t h a t  by  e x a m in in g  e i t h e r  t h e  t e m p e r a t u r e  
d e p e n d e n c e  o f  C R u t o i p y ) ; * ! * 35 lu m in e s c e n c e  l i f e t i m e  
o r  t h e  e m is s io n  i n t e n s i t y ,  Van H o u te n  and W a t t s  w e re  
a b l e  t o  e v a l u a t e  t h e  e n e r g y  d i f f e r e n c e  b e tw e e n  t h e  
3 MLCT and LF e x c i t e d  s t a t e s  , 6 E  , t o  b e  a b o u t  3 , 6 0 0  
c m - 1 (CRu ( b i p y )  s i * - *  d i s s o l v e d  i n  H z O ) * 1
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( F i g .  8 ) .  I t  i s  n o r m a l l y  assumed t h a t  t h e  s o l v e n t  
a f f e c t s  o n l y  t h e  non -  r a d i a t i v e  d e c a y  r a t e  c o n s t a n t  o f  
t h e  3 MLCT e x c i t e d  s t a t e * * ® .  T h u s ,  p o p u l a t i o n  o f  t h e  
LF e x c i t e d  s t a t e  becom es m ore e f f i c i e n t  i n  n o n p o la r  
s o l v e n t s ,  w h e re  k n r  i s  l o w e r ,  a n d ,  a s  a  r e s u l t ,  
p h o t o s u b s t i t u t i o n  a l s o  i s  o b s e r v e d  t o  b e  m ore  
e f f i c i e n t .
S i m i l a r l y ,  b y  an a d e q u a t e  l i g a n d
s u b s t i t u t i o n ,  o f  o n e  b i p y  b y  a n o t h e r  c h e l a t i n g  s p e c i e s ,  
t h e  e n e r g y  o f  t h e  3 MLCT may be  s e l e c t i v e l y
p e r t u r b e d  and t h e  c o r r e s p o n d in g  v a r i a t i o n  i n  A E  h a s  
been  fo u n d  t o  b e  d i r e c t l y  c o r r e l a t e d  w i t h  t h e  3 MLCT 
e x c i t e d  s t a t e  e n e rg y '* 3  .
In  c o n t r a s t  w i t h  t h e  r e s u l t s  and  
c o n s i d e r a t i o n s  d e s c r ib e d  a b o v e ,  s e l e c t i v e  p e r t u r b a t i o n ,  
i n  t h i s  c a s e  o f  t h e  LF e x c i t e d  s t a t e  o f  some 
c o m p le x e s ,  d i d  n o t  seem t o  f i t  t h e  m odel p r e s e n t e d  i n  
F i g . 6 .  F o r  e x a m p le ,  t h e  o b s e r v e d  t e m p e r a t u r e  d e p e n d e n c e  
o f  t h e  e m is s io n  i n t e n s i t y  o f  C R u ( b ip y ) z ( d i a z )  I"*-3 
( t e m p e r a t u r e  r a n g e  2 5 0  -  3 5 0  K> y i e l d e d  a  v a l u e  o f
3 , 4 5 0  cm- 1  f o r  A e  j*® . A s i m i l a r  s t u d y ,  o v e r  t h e  
same t e m p e r a t u r e  r a n g e  f o r  C R u ( b ip y ) z (p y )  
c o n c lu d e d  t h a t  t h e  v a l u e  o f  A E  was 3 , 4 1 0  cm- 1
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3S>’ . S in c e  t h e  e n e r g y  o f  t h e  3 MLCT e x c i t e d  
s t a t e  ( r e l a t i v e  t o  t h a t  o f  CRu ( b i p y )  3 H'*':z) i s  
e s s e n t i a l l y  c o n s t a n t  (E _ m (0  -  0 )  v a r i e s  by  o n l y  40
cm- 1 ) , t h i s  v a l u e  o f  A E  s u g g e s t s  l i t t l e  c h a n g e  i n  
t h e  e n e r g y  o f  t h e  p resu m ed  LF e x c i t e d  s t a t e  .
I t  can  b e  s e e n  f r o m  t h e s e  r e s u l t s  t h a t  t h e s e  
E v a l u e s  fo u n d  i n  t h e  c o u r s e  o f  t h e s e  s t u d i e s ,  a r e  v e r y  
s i m i l a r  t o  t h a t  o b s e r v e d  f o r  C R u ( b i p y ) s i * 2 .
N e v e r t h e l e s s ,  t h e s e  o b s e r v a t i o n s  w e re  d i s t u r b i n g  b e c a u s e  
t h e y  seem t o  i n d i c a t e  t h a t  t h e  e n e r g y  o f  t h e  p resum ed  
LF e x c i t e d  s t a t e  d o e s  n o t  depend  upon t h e  l i g a n d  f i e l d  
s t r e n g t h  i n  t h e  e x p e c t e d  m a n n e r .  I t  h a s  a l r e a d y  been  
s t a t e d  t h a t  t h e  1 ig a n d  d i a z a f l u o r e n e  h a s  been  shown t o  
p e r t u r b  o n l y  t h e  LF e x c i t e d  s t a t e  w h i l e  t h e  e n e r g y  o f  
a n y  MLCT e x c i t e d  s t a t e  i s  n e a r l y  u n c h a n g e d . On t h e  
o t h e r  h a n d ,  p y r i d i n e  i s  c e r t a i n l y  lo w e r  i n  t h e  
s p e c t r o c h e m ic a l  s e r i e s  t h a n  b i p y r i d i n e  . In  f a c t ,  a  
c o r r e c t  o r d e r i n g  o f  t h e s e  l i g a n d s  i n  t h e  
s p e c t r o c h e m ic a l  s e r i e s  w o u ld  b e  b i p y  > py  > d i a z  .
2 . D is c u s s i o n .
I n  o r d e r  t o  a t t e m p t  a  r a t i o n a l i z a t i o n  o f  t h e  
e n e r g y  c h a n g e s  o f  t h e  LF e x c i t e d  s t a t e  by  means o f  
l i g a n d  f i e l d  t h e o r y ,  t h e  t e m p e r a t u r e  d e p e n d e n c e  o f  t h e
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e m is s io n  p r o p e r t i e s  o f  t h e  a b o v e  m e n t io n e d  c o m p le x e s  
o v e r  an e x t e n d e d  t e m p e r a t u r e  r a n g e  Mas r e e v a l u a t e d  i n  
t h i s  w o r k ,  w h ic h  r e p r e s e n t s  a  f u r t h e r  i n v e s t i g a t i o n  o f  
t h e  d y n a m ic s  o f  t h e  3 MLCT -  LF e x c i t e d  s t a t e
t r a n s i t i o n .
Th e  e x p e r i m e n t a l  p r o c e d u r e s  w e re  t h o s e  
d e s c r i b e d  i n  t h e  C h a p t e r  I I ,  S e c t i o n  C .
The  r e l a t i v e  e m is s io n  i n t e n s i e s  o f  t h e  
c o m p le x e s  C R u ( b i p y ) s i * 3  , C R u ( b ip y ) z ( d i a z ) I * 2  , 
and CRu ( b i p y )  =» (p y )  i n E tO H /M eO H ( 4 : 1 ,  v / v )  a s  a
f u n c t i o n  o f  t e m p e r a t u r e  a r e  p r e s e n t e d  i n  T a b le s  I X ,  X, 
and X I ,  r e s p e c t i v e l y .  T h e s e  d a t a  a r e  p l o t t e d  i n  F i g u r e  
2 0 .  I t  c a n  be  o b s e r v e d  t h a t  t h e  e m is s io n  i n t e n s i t y  o f  
C R u ( b ip y ) z ( d i a z ) I * 2  i n c r e a s e s  g r e a t l y  b e tw e e n  1 60  
and 140  K and t h a t  o f  C R u ( b ip y ) = (py)=» :i*2
i n c r e a s e s  w i t h  a  l e s s e r  s l o p e  b e tw e e n  2 3 0  and  150  K 
and w i t h  an e v e n  s m a l l e r  s l o p e  b e tw e e n  2 9 0  and 2 3 0  K. 
T h e  e m is s io n  i n t e n s i t y  o f  C R u ( b i p y ) s i * 2  i n c r e a s e s  
l e s s  r a p i d l y  and w i t h  a  d i f f e r e n t  t e m p e r a t u r e  
d e p e n d e n c e  b e tw e e n  2 9 0  and 1 80  K. S i m i l a r  o b s e r v a t i o n s  
o f  t h e  lu m in e s c e n c e  l i f e t i m e s  w e re  made.
I n  T a b le s  X I I ,  X I I I ,  and  X IV  a r e  p r e s e n t e d  t h e  
c o l l e c t e d  e x p e r i m e n t a l  d a t a  f o r  t h e  t e m p e r a t u r e  
d e p e n d e n c e  o f  t h e  e m is s io n  quantum  y i e l d  o f
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CRu ( b i p y )  3, ] - =  , C R u ( b ip y ) z ( d ia z >  3 - *  , and
CRu ( b i p y )  a* (py> a*!'*32 , i n  E tO H /M eO H , r e s p e c t i v e l y .
Th e  r e l a t i v e  q uan tu m  y i e l d s  M e re  c o n v e r t e d  i n t o  
a b s o l u t e  quantu m  y i e l d s  b y  t h e  u s e  o f  C R u ( b ip y ) 3 ] + 2  
a s  t h e  s t a n d a r d .  T h e  l i f e t i m e  o f  t h i s  co m p le x  o v e r  t h e  
t e m p e r a t u r e  r a n g e  o f  8 4  - 3 3 0  K h a s  b ee n  e v a l u a t e d 032 . 
T h e  e m is s io n  quantum  y i e l d  f o r  C R u ( b i p y ) w a s  
t h e n  d e t e r m in e d  a t  1 4 0  K b y  t h e  u s e  o f  t h e  c a l c u l a t e d  
1 i f e t i m e  and  i t s  r a d i a t i v e  r a t e  c o n s t a n t  (Q»=*T.,|<r- ) .
T h i s  p r o c e d u r e  may i n t r o d u c e  some s y s t e m a t i c
e r r o r  s o  t h a t  q u a n t i t a t i v e  a r g u m e n ts  a r e  b e s t  b as ed  
upon t h e  t e m p e r a t u r e  d e p e n d e n c e  o f  t h e  lu m in e s c e n c e  
l i f e t i m e s  . The  t e m p e r a t u r e  d e p e n d e n c e s  o f  t h e  e m is s io n  
quantum  y i e l d s  f o r  a l 1 t h e  t h r e e  c o m p le x e s  a r e  shown i n  
F i g u r e s  2 1 ,  2 2 ,  and 2 3 ,  r e s p e c t i v e l y .  T h o s e  same
f i g u r e s  d i s p l a y  t h e  r e s u l t i n g  c o m p u te r  g e n e r a t e d  f i t  o f  
t h e  d a t a  ( t h e  c u r v e  — f i t t i n g  p a r a m e t e r s  a r e  p r e s e n t e d  
i n  T a b l e  X V I I I ) .
I n  T a b l e s  XV, X V I ,  and X V I I  a r e  s u m m a r iz e d  t h e  
e x p e r i m e n t a l  d a t a  f o r  t h e  t e m p e r a t u r e  d e p e n d e n c e  o f  t h e  
l i f e t i m e s  o f  C R u ( b ip y ) 3 ] * z  ,
CRu ( b i p y ) ^ ( d i a z )  , and CRu ( b i p y )  =. (p y )  2 ] * 2
i n  E tO H /M e O H (4 s 1 , v / v )  . The  r e s u l t i n g  c o m p u te r  
g e n e r a t e d  f i t s  o f  t h e  d a t a  a r e  shown i n  F i g u r e s  2 4 ,  2 5 ,
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and 2 6  r e s p e c t i v e l y  and  t h e  c u r v e  -  f i t t i n g  p a r a m e t e r s  
f o r  t h e  t r e a t m e n t  o f  t h o s e  d a t a  a r e  p r e s e n t e d  i n  T a b le  
X V I I I .
The  c o l l e c t e d  v a l u e s  o f  quantum  y i e l d s  o f  
e m is s io n  and o f  lu m in e s c e n c e  l i f e t i m e s  w e r e  f i t  t o  t h e  
E q u a t io n s  ( 2 )  and  ( 3 ) ,  b e lo w  e x p r e s s e d ,  b y  a
n o n l i n e a r  l e a s t  s q u a r e s  r o u t i n e 3 *5’ - - * ' 9 .
1 /  Q .  = [  kr  + kr,,- +  ke,e~ Ae^Rt-r j  /  ^  <2>
1 /  T „  =  k r -  +  k n r  + k ^ e ”  A e / r t  (3 )
C l e a r l y ,  t h e s e  e q u a t i o n s  a d e q u a t e l y  d e s c r i b e  
t h e  e x p e r im e n t a l  d a t a  f o r  a l l  t h r e e  c o m p le x e s  . H e n c e ,  
no f u r t h e r  e x p o n e n t i a l  t e r m s ,  s u g g e s te d  b y  A l l s o p p  e t  
a l . * * 3 , w e re  add ed  t o  d e s c r i b e  t h e  o b s e r v e d  b e h a v i o r  
i n  t h e  v e r y  lo w  -  t e m p e r a t u r e  r e g i o n  f o r  t h e  c o m p le x e s  
t h a t  w e re  i n v e s t i g a t e d  i n  t h i s  w o r k .
The d r a m a t i c  c h a n g e s  i n  t h e  e m is s io n  
i n t e n s i t i e s  and l i f e t i m e s  o f  C R u ( b ip y ) z ( d i a z ) a n d
C R u ( b i p y ) z ( p y ) 9 o b s e r v e d  i n  t h e  lo w  
t e m p e r a t u r e  r e g i o n  s u g g e s t  p o s s i b l e  d e v e lo p m e n t  o f  
r i g i d i t y  o f  t h e  s o l u t i o n s ,  b u t  i t  s h o u ld  b e  m e n t io n e d  
t h a t  t h e  s o l v e n t  (E tO H /M e O H (4 s 1 , v / v ) ) ,  r e m a in s  a  
l i q u i d  t h r o u g h o u t  t h i s  t e m p e r a t u r e  r a n g e ;  t h e  l i q u i d  -
g l a s s  t r a n s i t i o n  o c c u r s  a t * 9 5  K.
I n  t h e  c a s e s  o f  b o t h  c o m p le x e s  , an a d d i t i o n a l  
p r o c e s s  i s  a p p a r e n t ;  a  v e r y  weak e m is s io n  i s  o b s e r v e d  
i n  t h e  r a n g e  2 5 0  -  3 5 0  K. The  l i f e t i m e s  f o r  t h e s e  weak  
e m is s io n s  a t  2 5 0  K a r e  a p p r o x i m a t e l y  2 s e c .  When t h e  
t e m p e r a t u r e  i s  lo w e r e d  t o  t h e  p o i n t  when t h e  s a m p le s  
b e g in  t o  e m i t  s t r o n g l y  ( 170  K ) , t h e  l i f e t i m e s  d ro p
t o  a b o u t  1 00  n s e c ;  t h i s  r e s u l t  was n o t  e x p e c t e d .  
F u r t h e r m o r e ,  t h e  a p p a r e n t  r a d i a t i v e  r a t e  c o n s t a n t  i n  
t h e  h ig h  -  t e m p e r a t u r e  r e g i o n  i s  e v a l u a t e d  t o  b e  o n l y  
4 0 0  s e c - 1  , a  v a l u e  t h a t  i n  c o m p a r is o n  w i t h  t h e  u s u a l
10^ -  10=  s e c - 1  v a l u e s  i s  v e r y  im p r o b a b le  . 
C o n s i d e r a t i o n  o f  t h e s e  o b s e r v a t i o n s  s u g g e s te d  t h a t  t h e  
p r e v i o u s l y  r e p o r t e d  e m is s io n  i n  t h e  h ig h  -  t e m p e r a t u r e  
r e g i o n  i s  a c t u a l l y  d u e  t o  t r a c e  i m p u r i t i e s  o f  some 
o t h e r  e m i s s i v e  r u t h e n iu m  co m p lex  ( i . e . ,
CRu ( b i p y )  -sH*2 ) and t h a t  b o t h ,
C R u ( b ip y ) 3 ( d i a z > 3 - *  and C R u ( b i p y ) z ( p y ) a r e  
e s s e n t i a l l y  n o n e m is s iv e  a b o v e  2 3 0  K.
T h i s  f i n d i n g  i s  p a r t i c u l a r l y  p e r t i n e n t  t o  some 
r e p o r t s  o f  t h e  p h o t o c h e m is t r y  o f  t h e s e  c o m p le x e s  
. O f t e n ,  t h e  d is a p p e a r e n c e  o f  a  s t a r t i n g  co m p lex  
i s  m o n i to r e d  by  t h e  l o s s  o f  e m is s io n  i n t e n s i t y  . I n  t h e  
c a s e s  o f  C R u ( b ip y ) 2 ( d i a z ) I * *  and
2 1 8
CRu ( b i p y )  2. (p y )  a t  2 9 8  K , t h i s  p r o c e d u r e
w o u ld  s i m p ly  f o l l o w  t h e  d i s a p p e a r e n c e  o f  an i m p u r i t y .  
I n  t h e  w o rk  c a r r i e d  o u t  i n  o u r  l a b o r a t o r y ,  i n  t h e  c a s e s  
o f  b o th  c o m p le x e s  t h e  e m is s io n  i n t e n s i t y  o f  t h e
lu m in e s c e n c e  d e t e c t e d  a t  2 9 8  K, t h a t  i n i t i a l l y  was
t h o u g h t  o f  t o  come f r o m  t h e  c o m p le x e s ,  d e c r e a s e d
s i g n i f i c a n t l y  a f t e r  r e p e a t e d  r e c r y s t a l 1 i  z a t i  o n .
A l t h o u g h  i t  d i d  n o t  c o m p l e t e l y  d i s a p p e a r  e ve n  a f t e r  
s e v e n  s u c c e s s iv e  r e c r y s t a l 1 i z a t i o n s ,  t h e  i n t e n s i t y  
d e c r e a s e  s u g g e s te d  t h a t  i t  was f r o m  an i m p u r i t y .
B a l z a n i  and c o  -  w o r k e r s  h a v e  r e a c h e d  a
s i m i l a r  c o n c lu s io n  i n  s t u d i e s  o f  lu m in e s c e n c e  o f  m ixed
-  1 ig a n d  R u ( I I )  c h e la t e s * * '7’ . T h e y  n o te d  t h a t  i n  m ix e d
-  l i g a n d  C R u ( L ) „ ( L 7 ) 3 - n ] * 2  c o m p le x e s  (w h e re  L
and L 7 a r e  d i s t i n c t  d i i m i n e  -  t y p e  1 ig a n d s  and n i s  1 
o r  2 )  t h e  a b s o r p t i o n  s p e c t r a  showed d i s t i n c t  Ru— M_ and  
Ru——*-L7 CT b a n d s ,  w h ic h  w e re  v e r y  s i m i l a r  t o  t h e  b an d s
o f  t h e  c o m p le x e s  C R u (L )3 D*= and  C R u (L 7 ) 3 3 * z , 
w h e re a s  t h e  e m is s io n  o n l y  o c c u r r e d  f r o m  t h e  1o w e s t  -  
e n e r g y  CT e x c i t e d  s t a t e ;  t h i s  1o w e s t  CT e x c i t e d  s t a t e  
c o r r e s p o n d  t o  t h a t  a s s o c i a t e d  t o  t h e  1 ig a n d  w h ic h  i s  
e a s i e r  t o  r e d u c e .  I n  c o n t r a s t ,  Coks e t  a l . 110
r e p o r t e d  t h a t  i n  t h e  c a s e  o f  t h e  co m p lex
C R u ( p h e n ) „ ( p q ) 3 _ „ ] * z  (phen  =  1 , 1 0
p h e n a n t h r o l i n e ,  pq = 2  - ( 2  -  p y r i d i 1 q u i n o l i n e ) )
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lu m in e s c e n c e  e m is s io n  f ro m  b o th  Ru—*p h e n  and Ru— *p q  
e x c i t e d  s t a t e  had  b ee n  o b s e r v e d .  A ls o  i n  r e f e r e n c e  
a d u a l  e m is s io n  was o b s e r v e d  t o  o c c u r  f ro m  
C R u ( b ip y ) 2 (N 0Z -  b i p y  ) i n  a  r i g i d  m a t r i x  a t  
7 7  K. B a l z a n i  and co  -  w o r k e r s '* 3  fo u n d  t h a t  i n  e ac h  
o f  b o t h  c a s e s  t h e r e  i s  o n l y  one t r u e  e m is s io n .
T he  t e m p e r a t u r e  d e p e n d e n c e  o f  t h e  emi s s io n
i n t e n s i t i e s  and l i f e t i m e s  o f  CRu ( b i p y )
C R u (b ip y )  = ( d i a z )  I -6*32, and CRu ( b i p y )  2 (p y )  
w e re  f i t  t o  E q . ( 2 )  and E q . ( 3 ) ,  and t h e  r e s u l t s  a r e  
shown i n  T a b le  X V I I I .  I n  t h e  c a s e s  o f  t h e  l a s t  tw o
c o m p le x e s  , o n l y  v a l u e s  a t  o r  b e lo w  2 0 0  K w e re  u se d  i n  
t h i s  f i t t i n g  p r o c e d u r e .  F u r t h e r m o r e ,  t h e  a b s o l u t e  
quantum  y i e l d  o f  e m is s io n  may c o n t a i n  a  s y s t e m a t i c
e r r o r  and o n l y  t h e  v a l u e  o f  A E  w o u ld  b e  u n a f f e c t e d  by
t h i s  p o s s i b l e  e r r o r .
The  r e s u l t s  o b t a i n e d  f o r  CRu ( b i p y )  s ] * 52 
a g r e e  w i t h  t h o s e  o f  p r e v i o u s  r e p o r t s 633' ***>' .
F u r t h e r m o r e ,  t h e  a c t i v a t i o n  e n e r g i e s  o b t a i n e d  f r o m  t h e  
t e m p e r a t u r e  d e p e n d e n c e s  o f  b o th  t h e  e m is s io n  
i n t e n s i t i e s  and t h e  l i f e t i m e s  w i t h i n  e x p e r im e n t a l  
e r r o r ,  a g r e e  v e r y  w e l l .
T h e  v a l u e s  o f  t h e  a c t i v a t i o n  e n e r g y ,  A e  ,
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b e tw e e n  t h e  MLCT and LF e x c i t e d  s t a t e s  , o f  t h e
c o m p le x e s  CRu ( b i p y ) z ( d i a z ) a n d
CRu ( b i p y )  s» ( p y ) w e r e  s u b s t a n t i a l l y  l o w e r  t h a n  
t h e  c o r r e s p o n d in g  v a l u e  o f  CRu ( b i p y )  s }-*-3 . i n
b o th  c a s e s ,  t h e s e  r e s u l t s  a r e  i n  a g re e m e n t  w i t h  t h e
g e n e r a l  p o s t u l a t e s  o f  l i g a n d  f i e l d  t h e o r y .  P y r i d i n e  and  
d i a z a f l u o r e n e  a r e  known t o  be  lo w e r  t h a n  b i p y r i d i n e  i n  
t h e  s p e c t r o c h e m i  c a l  s e r i e s ”* 7' .  H e n c e ,  s u b s t i t u t i o n  o f  
one b i p y  b y  an y  o f  t h e s e  l i g a n d s  w o u ld  r e s u l t  i n  a
d e c r e a s e d  l i g a n d  f i e l d  m o l e c u l a r  m ic r o e n v i r o m e n t  and , 
s u b s e q u e n t l y ,  a  lo w e r  LF e x c i t e d  s t a t e  e n e r g y .  S in c e  
t h e  3 MLCT e x c i t e d  s t a t e  i s  n o t  s i g n i f i c a n t l y  a f f e c t e d  
by  t h i s  s u b s t i t u t i o n ,  t h e  v a r i a t i o n  i n  t h e  LF e x c i t e d  
s t a t e  d i c t a t e s  t h e  e n e r g y  g a p .
I t  i s  w o r t h w h i l e  t o  n o t e  t h a t  t h e  re d o x  
p r o p e r t i e s  f o r  t h e  t h r e e  c o m p le x e s  , g i v e n  i n  T a b le
XX, i n d i c a t e  t h a t  t h e  s e p a r a t i o n  b e tw e e n  t h e  f i r s t  
o x i d a t i o n  and f i r s t  r e d u c t i o n ,  , i s  n e a r l y  t h e
sam e. Based on p r e v i o u s  c o r r e l a t i o n s  o f
e l e c t r o c h e m i c a l  and  s p e c t r o s c o p i c  d a t a ,  t h i s  i n v a r i a n c e  
i n  E x / s -  i s  e x p e c t e d  b e c a u s e  t h e  o b s e r v e d  e m is s io n  
e n e r g i e s  a r e  s i  mi l a r 3 ^ - . The  f a c t  t h a t  t h e  f i r s t  
o x i d a t i o n  p o t e n t i a l ,  E ° ( * 3 / * = )  j s  p r a c t i c a l l y  t h e  
same f o r  t h e  t h r e e  c o m p le x e s  and t h a t  t h e  e m i t t i n g
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s t a t e  c a n  b e  d e s c r i b e d  a s  R u (d  7T = ) b i  py  (TT*) f o r  e a c h  
co m p le x  s u g g e s t s  t h a t  t h e  g ro u n d  s t a t e  e n e r g i e s  a r e  
n e a r l y  e q u i v a l e n t .  As a  r e s u l t ,  s i n c e  t h e  l i g a n d  f i e l d
p a r a m e t e r  lODq d e c r e a s e s  i n  t h e  o r d e r  b i p y  > py  > d i a z ,
t h e  c o r r e l a t i o n  b e tw e e n  10 Dq and A E  i s  c o n s i s t e n t  
w i t h  t h e  o b s e r v e d  t r e n d .
The  a n t i c i p a t e d  l i f e t i m e  o f  t h e  3 MLCT
e x c i t e d  s t a t e  a t  2 9 8  K can  b e  e v a l u a t e d  f o r  b o th  
CRu ( b i p y )  2  ( d i a z ) D-*'2  and  CRu ( b i p y )  z  (p y )  sel""2 
w i t h  t h e  a i d  o f  E q . ( 3 )  and t h e  u s e  o f  t h e  p a r a m e t e r s  
r e p o r t e d  i n  T a b l e  X V I I I .  The  r e s u l t i n g  v a l u e s  w e r e  0 . 0 7  
and 2 . 7  n s e c  , r e s p e c t i v e l y .  W ith  t h e s e  e x t r e m e l y  s h o r t  
l i f e t i m e s  , t h e  3 MLCT e x c i t e d  s t a t e  i s  n o t  l i k e l y
t o  be  i n v o l v e d  i n  a n y  b i m o l e c u l a r  p r o c e s s  a t  t h i s  
t e m p e r a t u r e .  T h i s  e x p e c t a t i o n  was c o n f i r m e d  d u r i n g  t h e  
c o u r s e  o f  t h e  p r e s e n t  w ork  b y  t h e  f a c t  t h a t  no  
p h o t o o x i d a t i o n  o f  t h e s e  tw o  R u ( I I )  c o m p le x e s  t o  t h e  
c o r r e s p o n d in g  R u ( I I I )  c o m p le x e s  c o u ld  be  o b s e r v e d  ev e n  
i n  s o l u t i o n s  c o n t a i n i n g  h ig h  c o n c e n t r a t i o n s  o f  
p e r s u l f a t e  .
A n o th e r  i n t e r e s t i n g  f a c t  i s  a p p a r e n t  by  
o b s e r v in g  T a b l e  X V I I I ;  t h e  a c t i v a t i o n  e n e r g i e s  f o r  
CRu ( b i p y )  z  ( d i a z )  I * 2 and  CRu ( b i p y )  z  (p y )
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o b t a i n e d  f ro m  e m is s io n  i n t e n s i t y  m e a s u re m e n ts  a r e  
s y s t e m a t i c a l l y  lo w e r  t h a n  t h o s e  o b t a i n e d  f r o m  l i f e t i m e  
m e a s u re m e n ts .  On t h e  c o n t r a r y ,  b o th  m eth o d s  l e d  t o  
e s s e n t i a l l y  t h e  same v a l u e  f o r  A E  , i n  t h e  c a s e  o f  
C R u < b ip y )3 3-*-z . One p o s s i b l e  e x p l a n a t i o n  w o u ld  b e  an  
a p p a r e n t  t e m p e r a t u r e  d e p e n d e n c e  o f  k,_; a l t h o u g h  t h i s  
h y p o t h e s i s  d o e s  n o t  a g r e e  w i t h  t h e  u s u a l  u n d e r s t a n d in g  
t h a t  t h e  r a d i a t i v e  r a t e  c o n s t a n t  i s  c h a r a c t e r i s t i c  o f  a  
m o le c u le  and n o t  d e p e n d e n t  o f  t h e  e n v i r o n m e n t  
c o n d i t i o n s ,  such  a s  t e m p e r a t u r e  o r  s o l v e n t  p r o p e r t i e s ,  
t h i s  phenomenon) m ig h t  b e  in d u c e d  b y  t e m p e r a t u r e  -
d e p e n d e n t  i n t e r s y s t e m  c r o s s i n g  f r o m  l MLCT d i r e c t l y  t o  
t h e  (p r e s u m a b ly  t r i p l e t )  LF e x c i t e d  s t a t e .  The  e n e r g y  
l o w e r i n g  o f  t h e  LF e x c i t e d  s t a t e  c o u ld  e v e n t u a l l y
f a c i 1 i t a t e  t h i s  c o n v e r s i o n .  N akam ara  h a s  r e c e n t l y  
s u g g e s te d  t h a t  an a p p a r e n t  d e c r e a s e  i n  k,_ when t h e  
1 ig a n d  3 , 3 '  -  d im e t h y l  -  2 , 2 ' b i p y r i d i n e  (DMB) r e p l a c e s
one  b i p y r i d i n e  i n  t h e  co m p le x  CRu ( b i p y )  3 (DMB) I -* 3 , 
i s  r e a l l y  c o n n e c te d  t o  c h a n g e s  i n  t h e  i n t e r s y s t e m  
c r o s s in g  e f f i c i e n c y ® * 5' .  A c c o r d in g  t o  t h i s
i n t e r p r e t a t i o n ,  kr- c o u ld  n o t  b e  e v a l u a t e d  b y  t h e  
e x p r e s s i o n  k,_ = Q „ /T „  and  m ust b e  r e p l a c e d  by  t h e  
r e l a t i o n s h i p  k r  =  Q . / T . . Q *  ( T ) . I n  t h i s
r e g a r d ,  a t  t h e  p r e s e n t  m om ent, i t  can  b e  c o n s id e r e d
t h a t  , due  t o  s t e r i c  e f f e c t s ,  t h e  l i g a n d  DMB i s
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p r o b a b ly  a  w e a k e r  l i g a n d  th a n  b i p y  so  t h a t  t h e  
c o r r e s p o n d in g  LF e x c i t e d  s t a t e  w o u ld  b e  lo w e r e d  -  a s  i n  
t h e  c a s e s  i n v e s t i g a t e d  i n  t h e  p r e s e n t  w ork  -  by  
s u b s t i t u t i o n  o f  DMB l i g a n d s  , i n  a  co m p lex  t h a t  
o r i g i n a l l y  c o n t a i n e d  o n l y  b i p y  c h e l a t i n g  s p e c i e s .
3 MLCT p r o d u c t i o n  was a l s o  d e t e r m in e d  b y  t h e  
m ethod o f  B o l l e t a  e t  a l . ° 3 . F o r  t h e  c a s e  o f  
C R u < b ip y )3 3 * z , t h e  3 MLCT i s  e f f i c i e n t l y  quenched  
b y  SzOq- 3  v i a  an e l e c t r o n  -  t r a n s f e r  m echanism  
( F i g .  2 7 )  . The  g e n e r a t e d  s p e c ie s  S20 B~3
s p o n t a n e o u s ly  d i s s o c i a t e s  so  t h a t  b a c k  e l e c t r o n  
t r a n s f e r  i s  so  g r e a t l y  i n h i b i t e d ,  a t  t h e  e x t e n t  t h a t
t h e  p r o c e s s  can  b e  v i s u a l i z e d ,  f o r  a l l  p r a c t i c a l
p u r p o s e s ,  t o  be  e f f e c t i v e l y  i r r e v e r s i b l e .  The 1 i m i t i n g  
quantum  y i e l d  o f  C R u ( b ip y ) 3 ] * =  d is a p p e a r a n c e ,  
e v a l u a t e d  a s  a  f u n c t i o n  o f  p e r s u l f a t e  c o n c e n t r a t i o n , 
h a s  been  e v a l u a t e d  t o  be  2 03  , a f t e r  e x t r a p o l a t i n g
t o  i n f i n i t e  p e r s u l f a t e  c o n c e n t r a t i o n  ( a c c o r d i n g  w i t h  
t h e  p o s t u l a t e d  m ech a n is m , t h e  d e c o m p o s i t io n  o f  e ac h  
p e r s u l f a t e  i o n  r e s u l t s  i n  t h e  o x i d a t i o n  o f  tw o  
e q u i v a l e n t s  o f  t h e  m e t a l  c o m p le x ) .  T h i s  r e s u l t  was  
s u b s t a n t i a t e d  i n  t h e  p r e s e n t  w ork  ( T a b l e  X IX ,  F i g u r e
2 8 ) .
2 2 4
In  c o n t r a s t ,  s o l u t i o n s  o f
CRu ( b i p y )  = ( d i a z ) I -*-35 w e re  v i r t u a l l y  u n c h an g e d  upon  
p r o lo n g e d  p h o t o l y t i c  i r r a d i a t i o n  i n  t h e  p r e s e n c e  o f  
d i s s o l v e d  p o t a s s iu m  p e r s u l f a t e .  On t h e  o t h e r  h a n d ,  i t  
was o b s e r v e d  t h a t  C R u ( b ip y ) 3 ( p y ) u n d e r w e n t  a  
p h o t o a q u a t io n  p r o c e s s  b u t  n o t  o x i d a t i o n .  The i n i t i a l  
p h o t o a q u a t io n  p r o d u c t ,  CRu ( b i p y )  z  (p y )  (HzO) I"*3 , 
t h e r m a l l y  r e a c t s ,  v e r y  s l o w l y ,  w i t h  S20 s  The
e f f i c i e n c y  o f  t h i s  p h o t o a q u a t io n  p r o c e s s  was d e t e r m in e d  
n o t  t o  b e  a f f e c t e d  b y  t h e  p r e s e n c e  o f  p e r s u l f a t e ;  no  
c h a n g e s  w e re  o b s e r v e d  upon i r r a d i a t i o n .
T h e  quantum  y i e l d  o f  LF p r o d u c t i o n  c a n  be  
e v a l u a t e d  by means o f  t h e  E q . ( 4 ) .
(T )  = C k0 e "  A e / r t ]  /  T „  ( 4 )
w h e re  T .  =  k,- +  k ni_ +  k 0 e ~  (5 )
and  w i t h  t h e  a i d  o f  t h e  f i t t i n g  p a r a m e t e r s  
r e p o r t e d  i n  T a b l e  X V I I I .  T h e s e  c a l c u l a t i o n s  can  o n l y  be  
c o n s id e r e d  t o  b e  a  q u a l i t a t i v e  a p p r o x im a t io n  m e r e ly  
p u r p o r t i n g  t o  show some t r e n d  i n  t h e  o b s e r v e d  b e h a v i o r  
o f  t h e  c o m p le x e s  u n d e r  a n a l y s i s .
F o r  instance, in the case of
CRu(bipy)=s3-,-:!: , Q i_ f (2 9 8  K) was evaluated to be
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0 . 7 9  and Qi_f (220 K) was fo u n d  t o  b e  0 . 0 0 5 .  I n  t u r n ,  
i n  t h e  c a s e  o f  C R u ( b ip y ) 2 ( d i a z ) ]-=%  t h e  v a l u e s  o f  
Qi_f a t  2 9 8  K and t h a t  a t  2 2 0  K r e a c h e d  b o th  u n i t y .  
F i n a l l y ,  i n  t h e  c a s e  o f  CRu ( b i p y )  a* (p y )  QLFr
a t  2 9 8  K was u n i t y ,  w h i l e  t h e  r e s p e c t i v e  v a l u e  a t  2 2 0  
K was 0 . 8 9 0 .  T h e s e  c a l c u l a t i o n s  a l s o  a g r e e  w i t h  t h e  
t r e n d  e x p e c t e d  f ro m  c o n s i d e r i n g  t h e  r e l a t i v e  o r d e r i n g  
o f  t h e  e n e r g i e s  o f  t h e  a v e r a g e  1 ig a n d  f i e l d  s t r e n g t h  o f  
t h e  d i f f e r e n t  c o m p le x e s  .
3 . C o n c lu s io n s .
The m odel t h a t  was d e v e lo p e d  and e x t e n s i v e l y  
s t u d i e d  i n  many p o l y p y r i d i n e  r u t h e n i u m ( I I )  com plex  
seems t o  be  v a l i d  i n  t r e a t i n g  t h e  b e h a v i o r  o f
C R u ( b ip y ) = ( p y ) 2 l +2  and  C R u ( b ip y ) * ( d i a z ) I * * .
The c o m p le x e s  t h a t  h a v e  lo w e r  d - d  e x c i t e d  s t a t e s  do  
h a v e  a c t i v a t i o n  e n e r g i e s  t h a t  c o r r e l a t e  w i t h  t h i s  
s m a l l e r  e n e r g y  g a p ;  t h e r e f o r e ,  i n  t h e  e x t e n t  t h a t  t h e  
e f f e c t i v e  c r y s t a l  f i e l d  s t r e n g t h  i s  r e d u c e d  , A e  v a l u e s  
b e tw e e n  t h e  MLCT and t h e  LF e x c i t e d  s t a t e  a r e  r e d u c e d  
a s  e x p e c t e d  by  t h e o r y .
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C.EXPLORATORY ANALYSIS OF THE EFFECT OF ION  
P A IR IN S  UPON PHOTOSUBSTITUTION QUANTUM Y IE L D S .
1 . I n t r o d u c t i o n .
D io x a n e  -  w a t e r  m i x t u r e s  h a v e  b e e n  a  f a v o r i t e  
s o l v e n t  s y s te m  i n  w h ic h  t o  s t u d y  b o th  i o n  a s s o c i a t i o n  
and i o n i c  m o b i1 i t i e s a o a » 103  b e c a u s e  t h e  d i e l e c t r i c  
c o n s t a n t  c a n  be  v a r i e d  o v e r  a  l a r g e  r a n g e .  I t  i s  
n o r m a l l y  assum ed t h a t  t h e  c h a n g e s  i n  t h e s e  p r o p e r t i e s  
t h a t  a r e  o b s e r v e d  a s  d i o x a n e  i s  ad d ed  t o  w a t e r ,  a r e  d u e  
t o  t h e  d e c r e a s i n g  d i e l e c t r i c  c o n s t a n t  r a t h e r  t h a n  t o  a  
c h a n g e  i n  s o l v e n t  -  i o n  o r  s o l v e n t  -  s o l v e n t  
i n t e r a c t i o n s .  M e a s u re m e n ts  o f  m o la r  c o n d u c ta n c e s  a s  a  
f u n c t i o n  o f  c o n c e n t r a t i o n  o f  t h e  d i s s o l v e d  i n v e s t i g a t e d  
compound ( s a l t ,  c o m p le x )  h a v e  a l lo w e d  i n v e s t i g a t o r s  t o  
d e d u c e  v a l u e s  o f  a s s o c i a t i o n  c o n s t a n t s  f o r  d i f f e r e n t  
t y p e s  o f  e l e c t r o l y t e s  c?f3' 1C“° .
I n  t h e  p r e s e n t  s t u d y ,  n o  c o n d u c ta n c e  
m e a s u re m e n ts  w e re  m ade. T h e r e  was o n l y  an a t t e m p t  t o  
d e t e r m i n e ,  q u a l i t a t i v e l y ,  t h e  e f f e c t  t h a t  t h e  io n  -  
p a i r i n g  c o u ld  h a v e  on t h e  o b s e r v e d  p h o t o s u b s t i t u t i o n  
quantum  y i e l d s  o f  c o m p le x e s  s u b j e c t e d  t o  p h o t o l y s i s .  
S p e c i f i c a l l y ,  t h e  b e h a v i o r  o f  t h e  co m p lex  
C R u ( b ip y ) z ( p y ) z 3+ 2 , w h ic h  h a s  no c h e l a t e  r i n g
2 2 7
i n v o l v e d  i n  i t s  p h o t o c h e m i s t r y ,  was i n v e s t i g a t e d .
2 . D is c u s s i o n .
F i r s t ,  ( s e e  R e s u l t s  C . ) an  e s t i m a t i o n  o f  t h e  
v a l u e  o f  t h e  m o la r  a b s o r p t i o n  c o e f f i c i e n t  o f  t h e  f i r s t  
m o n o c h lo ro  i n t e r m e d i a t e  g e n e r a t e d  i n  t h e  p h o t o l y s i s  o f
CRu ( b i p y )  = (p y )  w as  m ade. T h i s  e s t i m a t i o n
i n v o l v e d  an e x p l o r a t o r y  s e t  o f  e x p e r im e n t s  t h a t  w e re  
d e s ig n e d  t o  t e s t  t h e  a c c u r a c y  o f  su c h  an e s t i m a t i o n . I t  
was p la n n e d  t o  u s e  t h e  same p r o c e d u r e  i n  o r d e r  t o  
e s t i m a t e  t h e  m o la r  a b s o r p t i o n  c o e f f i c i e n t  o f  t h e  
d e t e c t e d  i n t e r m e d i a t e  i n  t h e  p h o t o l y s i s  o f  t h e  com plex  
C R u ( b ip y ) z D P M ] - 2 .
In  t h e  c a s e  o f  t h e  v a l u e  o f  t h e  e s t i m a t e d  
m o la r  a b s o r p t i o n  c o e f f i c i e n t  o f
CRu ( b i p y )  2  (p y )  C l H**1 a t  4 5 0  nm t h e r e  was an e r r o r  o f  
2 0  V. w i t h  r e s p e c t  t o  t h e  v a l u e  d e t e r m in e d  f o r  a  r e a l  
s a m p le .
N e x t ,  p h o t o l y s e s  o f  CRu ( b i p y ) =* (p y )s -]-"35 
i n  d i f f e r e n t  d i o x a n e  -  w a t e r  m i x t u r e s  t h a t  c o n t a i n e d  
0 . 0 1  M TBAC1, o f  d i e l e c t r i c  c o n s t a n t  i n  t h e  r a n g e  o f  
3 . 9  t o  3 2 . 5  w e re  c a r r i e d  o u t  a t  2 9 8  K. I s o s b e s t i c  
p o i n t s  w e re  o b s e r v e d  t h r o u g h o u t  a l l  t h e  p h o t o l y s i s  
e x p e r im e n t s .  The f i n a l  p h o t o p r o d u c t  d e t e c t e d  a f t e r
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prolonged irradiation times was CRu(bipy)2 ]C12.
I t  was d e t e r m in e d  t h a t  t h e r e  was a  
c o r r e l a t i o n  b e tw e e n  t h e  d i e l e c t r i c  c o n s t a n t s  o f  t h e  
d io x a n e  -  w a t e r  m i x t u r e s  used  a s  a  s o l v e n t  and  t h e  
e v a l u a t e d  p h o t o s u b s t i t u t i o n  quantum  y i e l d s . T h e  y i e l d s  
w e re  s i g n i f i c a n t l y  i n c r e a s e d  and seemed t o  c o r r e l a t e  
w i t h  t h e  a b i 1 i t y  o f  t h e  m e d ia  t o  s u p p o r t  im p ro v e d  io n  -  
p a i r  f o r m a t i o n ,  t h a t  i s ,  w i t h  t h e  d e c r e a s i n g  p o l a r i t y  
o f  t h e  m i x t u r e s .  L a r g e r  p h o t o s u b s t i t u t i o n  quantum  
y i e l d s  w e re  fo u n d  i n  t h o s e  p h o t o l y s e s  t h a t  w e re  c a r r i e d  
o u t  i n  d io x a n e  -  w a t e r  m i x t u r e s  t h a t  had lo w e r  
d i e l e c t r i c  c o n s t a n t  ( T a b l e  X X I I I ) .
I n  o r d e r  t o  i n v e s t i g a t e  t h e  p o s s i b l e  
i n f l u e n c e  o f  t h e  c o n c e n t r a t i o n  o f  p y r i d i n e  , w h ic h  was  
t h e  l i g a n d  b e in g  r e p l a c e d  b y  01 ~ i n  t h e  
p h o t o s u b s t i t u t i o n  r e a c t i o n s  i n  a  tw o  s t a g e ,  s t e p w is e  
m echan ism , p h o t o l y s e s  o f  C R u ( b ip y ) * (p y )  
d i s s o l v e d  i n  a  d io x a n e  -  w a t e r  m i x t u r e s  9 0 / 1 0  ( v : v )
t h a t  c o n t a i n e d  0 . 0 1  M TBAC1 and d i f f e r e n t  py  
c o n c e n t r a t i o n s ,  w e re  c a r r i e d  o u t .  No s i g n i f i c a n t  
c h a n g e s  w e re  d e t e c t e d  ( T a b l e  X X I V ) .
In  o r d e r  t o  s t u d y  t h e  p r o b a b le  i n f l u e n c e  o f
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t h e  c o o r d i n a t i n g  a n i o n ,  p h o t o l y s i s  o f
C R u ( b ip y ) z ( p y ) = 3* =  d i s s o l v e d  i n  d i f f e r e n t  d io x a n e  
-  w a t e r  m i x t u r e s  t h a t  c o n t a i n e d  0 . 0 1  M TB A C IO * w e re  
c a r r i e d  o u t .  No f o r m a t i o n  o f  C R u ( b i p y ) C C 1 0 ^ 3 Z 
was d e t e c t e d .  T h e s e  s t u d i e s  r e v e a l e d  t h a t  o n l y  one
p y r i d i n e  l i g a n d  i s  e f f e c t i v e l y  l o s t  f r o m  t h e  s t a r t i n g  
c o m p le x ,  and t h u s ,  C R u ( b ip y ) z (p y )C IO * ] - * - *  i s
g e n e r a t e d .  T h i s  c o m p le x  h a s  an a b s o r p t i o n  s p e c t r u m  i n  
w h ic h  t h e r e  i s  a  maximum a t  4 7 4  nmB 1 . I n  t h e  c o u r s e  
o f  t h i s  w ork  , t h i s  s p e c i e s  was d e t e c t e d  t o  be  e a s i l y  
fo r m e d ,  a t  1 e a s t , u n d e r  t h e  e x p e r i m e n t a l  c o n d i t i o n s  
t h a t  w e re  u s e d .  No i m p o r t a n t  e f f e c t  on t h e
p h o t o s u b s t i t u t i o n  quan tu m  y i e l d s  was o b s e r v e d  when t h e  
d i s s o l v e d  co m p lex  i n  t h e  v a r i o u s  d io x a n e  -  w a t e r  
m i x t u r e s  was p h o t o l y t i c a l l y  i r r a d i a t e d  ( T a b l e  X X V ) .  A l l  
t h e  d e t e r m i n a t i o n s  o f  p h o t o s u b s t i  t u t i o n  quantum  y i e l d s  
w e re  made f o l l o w i n g  t h e  a p p e a r a n c e  o f  t h e  f i r s t  
i n t e r m e d i a t e  p h o t o p r o d u c t  d u r i n g  t h e  i n i t i a l  s t a g e s  o f  
t h e  p h o t o r e a c t i o n .
The f a c t  t h a t  t h e  p h o t o s u b s t i t u t i o n  r e a c t i o n  
d o e s  n o t  c o n t i n u e  t o w a r d s  t h e  f o r m a t i o n  o f
CRu ( b ip y )  Z D CC10^.13 can  be  be i n t e r p r e t e d  by
c o n s i d e r i n g  t h e  r e l a t i v e  b u l k i n e s s  o f  C10*,.-
r e l a t i v e  t o  t h e  s i z e  o f  C l ~ ;  a f t e r  o n e  py  l i g a n d
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becom es d e ta c h e d  -From t h e  c o m p le x , i t  d i f - f u s e s  aw ay ,  
and a sec o n d  CIO-*-  a n io n  c a n n o t  e n t e r ,  e v e n  i n  a  
9 0 / 1 0  ( v : v )  d io x a n e  -  w a t e r  m i x t u r e  , u se d  a s  a  s o l v e n t  
s y s te m .  I t  h a s  b ee n  r e p o r t e d  t h a t  p h o t o l y s i s  o f
C R u ( b ip y ) 2 ( p y > i n t h e  p r e s e n c e  o f  w e a k ly  
c o o r d i n a t i n g  a n io n s  X (X = C IO .* - ,  NO3 - ,  p -
CH3C&H*S0 3 - , o r  CF3CO2 - )  r e s u l t  i n
C R u ( b ip y ) 2 ( p y ) X 3 * 1 , e v e n  w i t h  e x c e s s  o f  X“  and
e x t e n d e d  i r r a d i a t i o n * 51.
I n  t h i s  w o rk ,  e x t e n s i v e  p h o t o l y s i s  showed , 
q u a l i t a t i v e l y ,  t h e  r e t e n t i o n  o f  t h e  i n t e r m e d i a t e  com plex  
C R u ( b ip y ) z ( p y ) C 1 0 ^ 3 ^ 1 and  a l s o  a  p r o b a b l e  p a r t i a l  
o x i d a t i o n  o f  R u ( I I )  t o  R u ( I I I ) ;  t h i s  l a s t  c o n c lu s io n  was  
b a s e d  on t h e  f a c t  t h a t  a f t e r  lo n g  i r r a d i a t i o n  t i m e s ,  a
new w e l l  d e f i n e d  band w i t h  a  maximum l o c a t e d  a t  6 4 0  nm
was a p p a r e n t .  T h e  c o m p le x  C R u ( b i p y ) h a s  an  
a b s o r p t i o n  s p e c tr u m  w i t h  a  maximum l o c a t e d  a t  6 7 5  
nm1 0 3 .
3 . C o n c lu s io n s .
I n  sum m ary, t h e s e  e x p e r i m e n t a l  r e s u l t s  do
p r o v i d e  q u a l i t a t i v e  b u t  s u b s t a n t i a l  p r o o f  t h a t  io n  -  
p a i r i n g  e f f e c t s  c a n  m o d i fy  t h e  b e h a v i o r  o f  
p h o t o s u b s t i t u t i o n  r e a c t i o n s  o f  c o m p le x e s  t h a t  a r e
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p h o t o l y s e d .  T h e  p r e s e n t  w o rk  s u b s t a n t i a t e s  and  
c o m p le m e n ts  p r e v i o u s  o b s e r v a t i o n s  . I t  w o u ld  be  
d e s i r a b l e  n o t  o n l y  t o  q u a n t i f y  t h e s e  o b s e r v a t i o n s  b u t  
a l s o  t o  e x t e n d  th em  t o  o t h e r  i n t e r e s t i n g  c o m p le x e s ,  
such  a s  t h o s e  i n  w h ic h  a c h e l a t e  r i n g  i s  i n v o l v e d  i n  
t h e  p h o t o s u b s t i t u t i o n  p r o c e s s  (c o m p le x e s
C R u ( b ip y ) = L 3 - Z w h e re  L =  (p y )  - ( C H 2 ) n “ (p y )  and  
H=N —(C H z )„  -N H 2 ) .
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DISCUSSION D . EFFECT OF CHELATE RING S IZ E  ON 
THE PHOTOSUBSTITUTION REACTION OF PO LYPYRID INE
RUTHENIUM ( I I )  COMPLEXES, WITH THE GENERAL FORMULATION, 
CRU (B IP Y )  zLU"*"32.
1 . I n t r o d u c t i o n .
S y s t e m a t i c  c h a n g e s  i n  t h e  Ru -  N b o n d s  o f  
p o l y p y r i d i n e  r u t h e n i u m ( I I ) c o m p le x e s  w e re  m ade. T h e s e  
c h a n g e s  w e r e  i n t r o d u c e d  i n  o r d e r  t o  m o d i f y  t h e  g e o m e tr y  
o f  t h e  c o m p le x e s  C R u ( b i p y ) z L 3 - z . I t  was a n t i c i p a t e d  
t h a t  t h e  ch a n g ed  g e o m e tr y  w o u ld  a f f e c t  t h e  e x c i t e d  
s t a t e  p r o c e s s e s  o f  p o l y p y r i d i n e  r u t h e n i u m ( I I )  
c o m p le x e s .  In  t h i s  p a r t  o f  t h e  w o r k ,  t h e s e  c h a n g e s  w e re  
s p e c i f i c a l l y  a c h ie v e d  b y  s e l e c t i n g  l i g a n d s ,  L , t h a t  
w o u ld  fo r m  a  w e l l  o r d e r e d  s e r i e s  o f  com pounds . Any  
p e r t u r b a t i o n  i n  t h e  Ru -  N bond o v e r l a p  a f f e c t s  t h e  
e x c i t e d  s t a t e  p r o p e r t i e s  o f  p o l y p y r i d i n e  r u t h e n i u m ( I I ) 
c o m p le x e s  ; t h e  p h o t o s u b s t i t u t i o n  p r o c e s s ,  n o r m a l l y  
a t t r i b u t e d  t o  i n v o l v e  a  p o p u la t e d  LF e x c i t e d  s t a t e  , i s  
one o f  t h o s e  p r o p e r t i e s .  I n v e s t i g a t i o n  o f  t h e s e  k i n d  o f  
p r o p e r t i e s  c o n s t i t u t e s  a  g r o w in g  f i e l d  o f  r e s e a r c h .
The  a b o v e  m e n t io n e d  v a r i a t i o n  o f  t h e  g e o m e tr y
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o f  t h e  CRu ( b i p y )  c o m p le x e s  was a c c o m p l is h e d
i n  t h i s  w o rk  b y  t h e  u s e  o f  tw o  s e r i e s  o f  l i g a n d s ,  L . 
One s e r i e s  had  tw o  p y r i d i n e s  l i n k e d  b y  m e t h y le n e  
b r i d g e s  o f  v a r y i n g  l e n g t h s  ( F i g u r e  2 9 ) ;  t h e  o t h e r  
s e r i e s  had  tw o  ammine g r o u p s  l i n k e d  b y  m e t h y le n e  
b r i d g e s  o f  d i f f e r e n t  l e n g t h s  ( F i g u r e  3 6 ) .
The  p e r t u r b a t i o n ,  m e t h o d i c a l l y  f o r c e d  upon  
t h e  s e r i e s  o f  c o m p le x e s  , a f f e c t e d  n o t  o n l y  t h e  s i z e  
o f  t h e  r i n g  i n v o l v e d  i n  t h e  p h o t o s u b s t i t u t i o n  
p r o c e s s e s ,  b u t  a l s o  t h e  N -  Ru -  N c h e l a t i o n  a n g l e .
In  t h i s  w o r k ,  t h e  p h o t o p h y s ic s  o f  t h e s e  
c o m p le x e s  was s t u d i e d  a t  7 7  K . A ls o  i n v e s t i g a t e d  w ere  
t h e  t e m p e r a t u r e  d e p e n d e n c e s  o f  t h e  e m is s io n  i n t e n s i t i e s  
e x h i b i t e d  by t h e s e  c o m p le x e s  and , s u b s e q u e n t l y ,  t h e  
p h o t o c h e m is t r y  o f  t h e s e  c o m p le x e s  i n  d i f f e r e n t  
s o l v e n t s .  The  quantum  y i e l d s  o f  t h e  o b s e r v e d  
p h o t o s u b s t i t u t i o n  r e a c t i o n s  w e re  d e t e r m in e d .
T h e  d a t a  c o l l e c t e d  i n  t h i s  w o rk  r e p r e s e n t  
o n l y  a  f i r s t  s t e p  i n  g a i n i n g  a  b e t t e r  u n d e r s t a n d i n g  o f  
t h e  p h o t o s u b s t i t u t i o n  p r o c e s s e s  o f  p o l y p y r i d i n e  
r u t h e n i u m ( I I ) c o m p le x e s .  T h e  g e n e r a l l y  p o s t u l a t e d  model 
o f  p h o t o s u b s t i t u t i o n  , d e s c r ib e d  i n  t h e  I n t r o d u c t i o n  
( F i g u r e  9 ) ,  h a s  been  u se d  s u c c e s s f u l l y  t o  r a t i o n a l i z e  
p r e v i o u s  s t u d i e s  b u t  s e v e r a l  m e c h a n i s t i c  a s p e c t s  o f
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t h e  p r o c e s s  n ee d  c l a r i f i c a t i o n .  S u b s t a n t i a l  d a t a  w e re  
a c q u i r e d  d u r i n g  t h e  c o u r s e  o f  t h e  p r e s e n t  s t u d y ;
h o w e v e r ,  many m ore e x p e r im e n t s  n e e d  t o  b e  d o n e .  F u t u r e  
r e s e a r c h  s h o u ld  c o m p le t e  t h e  g a p s  . T h e  new k n o w le d g e  
c o n t r i b u t e d  by  t h i  s w o rk  co m b in ed  w i t h  p r e v i o u s l y  
o b s e r v e d  t r e n d s  s h o u ld  make i t  p o s s i b l e  t o  d e s ig n
f u r t h e r  s t u d i e s  i n  o r d e r  t o  a t t e m p t  a  f i n a l
c l a r i f i c a t i o n  o f  o n e  p r i n c i p a l  a s p e c t  o f  t h e  p o s t u l a t e d  
p h o t o s u b s t i  t u t i o n  m odel ; t h a t  a s p e c t  i s  t h e  r o l e  o f  
t h e  p o s t u l a t e d  p e n t a c o o r d i n a t e d  i n t e r m e d i a t e  ( I ) ,  a  key  
f a c t o r  i n  u n d e r s t a n d i n g  t h e  o b s e r v e d  quan tu m  y i e l d s  o f  
p h o t o s u b s t i t u t i o n  r e a c t i o n s .
2 . D i s c u s s i o n .
2 . 1 .  E f f e c t  o f  c h e l a t e  r i n g  s i z e  on t h e  
p h o t o s u b s t i t u t i o n  r e a c t i o n  o f  p o l y p y r i d i n e  r u t h e n i u m ( I I )  
c o m p le x e s ,  CRu ( b i p y )  i n  w h ic h  L i s  a
p o l y p y r i d i n e  l i g a n d  t h a t  h a s  tw o  p y r i d i n e  r i n g s  l i n k e d  
b y  m e t h y le n e  b r i d g e s  o f  d i f f e r e n t  l e n g t h s .
T h e  l i g a n d s  u s e d  i n  t h e  p r e s e n t  w ork  ( F i g u r e  
2 9 )  w e re  e i t h e r  c o m m e r c i a l l y  a v a i l a b l e ,  ( 2 , 2 '  -
b i p y r i d i n e  and 4 -  p i c o l i n e ) ,  o r  c o u ld  b e  p r e p a r e d  by
means o f  m ethods  r e p o r t e d  i n  l i t e r a t u r e .
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D i p y r i d y l m e t h a n e  (D P M ), and d i p y r i d y l e t h a n e  (DPE) had  
t o  be  s y n t h e s i z e d .  T h e  c o r r e s p o n d in g  c o m p le x e s  w e re  
g e n e r a l l y  p r e p a r e d  by  h e a t i n g  C R u ( b ip y ) z C l 2 ]  w i t h  a  
e x c e s s  o f  t h e  p e r t i n e n t  l i g a n d  i n  w a t e r  -  m e th a n o l  
m i x t u r e s  f o r  s e v e r a l  h o u r s .  The  c o m p le x e s  w e re  a l l  t h e n  
p r e c i p i t a t e d  a s  t h e  P F *  s a l t ,  (PF*, i s  a  p o o r l y  
c o o r d i n a t i n g  a n i o n ,  and i t  i s  n o t  e x p e c t e d  t o  
i n t e r f e r e  w i t h  t h e  p h o to c h e m ic a l  b e h a v i o r ) . P u r i f i c a t i o n  
o f  t h e  c o m p le x e s  was a c c o m p l is h e d  b y  r e p e a t e d  
r e c r y s t a l l i z a t i o n  f r o m  w a t e r  -  a c e t o n e  o r  MeOH -  
t o l u e n e  m i x t u r e s .
T h e  p h o t o p h y s i c a l  and p h o to c h e m ic a l
p r o p e r t i e s  o f  t h e s e  c o m p le x e s  w e re  e x a m in e d .  I t  was  
d e t e r m in e d  t h a t  t h e  lo w  t e m p e r a t u r e  e m is s io n  (7 7  K) 
p r o p e r t i e s  o f  t h e  new c o m p le x e s  a r e  s i m i l a r  t o  t h o s e  o f  
CRu ( b i p y )  ac]-*-2  b u t  a t  h i g h e r  t e m p e r a t u r e  t h e i r  
e m is s io n  i n t e n s i t i e s  w e re  o b s e r v e d  t o  b e  s i g n i f i c a n t l y  
d e c r e a s e d .  I t  was a l s o  d e t e r m in e d  t h a t
p h o t o s u b s t i t u t i o n  i n  o r g a n i c  s o l v e n t s ,  i s  a  v e r y  
e f f i c i e n t  p r o c e s s e s  f o r  a l l  t h e  new c o m p le x e s .
In  t h e  c a s e  o f  C R u (b ip y )s D P E D -*-3 , co m p lex  
h a v in g  a s e v e n  -  membered c h e l a t e  r i n g  , t h e  
s u b s t i t u t i o n  o f  t h e  f i r s t  p y r i d i n e  was fo u n d  t o  o c c u r  
t h e r m a l l y  i n  s o l u t i o n s  0 . 0 1  M TBAC1 i n  CH= C1-  so
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t h a t  t h e  p h o t o s u b s t i t u t i o n  o f  t h e  sec o n d  p y r i d i n e  c o u ld  
b e  d i r e c t l y  s t u d i e d .  S i m i l a r l y  i n  s o l u t i o n s  o f
HzSCU i n  w h ic h  C R u ( b ip y ) z D P E l '*'52 was d i s s o l v e d ,  
t h e  f i r s t  s u b s t i t u t i o n  was a  t h e r m a l  p r o c e s s .
In  t h e  c a s e  o f  t h e  co m p lex  h a v in g  a  s i x  -  
membered c h e l a t e  r i n g  d i r e c t l y  c o n n e c te d  t o  t h e  
p r o c e s s e s  o f  p h o t o a n a t i o n ,  CRu ( b i p y )  s-DPMl'*'3 , i t  was 
fo u n d  t h a t  t h e  r e c l o s u r e  o f  t h e  c h e l a t e  r i n g  com peted  
s i g n i f i c a n t l y  w i t h  t h e  p h o t o s u b s t i t u t i o n  o n l y  i n  p o l a r  
s o l v e n t s  i n  w h ic h  t h e  i o n  -  p a i r i n g  i s  n o t  s i g n i f i c a n t .
F i n a l l y ,  t h e  p h o t o s u b s t i t u t i o n  o f  t h e  co m p lex  
w h ic h  had a  f i v e  membered r i n g  (CRu ( b i p y )  ^ l * 3*) was  
o b s e r v e d  t o  b e  d r a s t i c a l l y  d i f f e r e n t  f ro m  t h e
p h o t o r e a c t i o n s  o f  t h e  c o m p le x e s  t h a t  had  o t h e r  r i n g
s i z e s .
F i r s t ,  t h e  emi s s io n  quantum  y i e l d s  and  
l i f e t i m e s  o f  t h e  c o m p le x e s  a t  7 7  K w e r e  d e t e r m in e d  . 
The d i f f e r e n t  e m is s io n  s p e c t r a  o f  t h e  d i f f e r e n t  
c o m p le x e s  a t  lo w  t e m p e r a t u r e  had  no s p e c i a l  f e a t u r e s  
and d i s p l a y e d  a  w e l l  -  d e f i n e d  v i b r a t i o n a l  f i n e
s t r u c t u r e  s im i  l a r  t o  t h a t  o f  CRu ( b i p y )  3 D'*'2 
N e v e r t h e l e s s ,  upon w a rm in g  t h e  s o l u t i o n s  t h i s  f i n e
s t r u c t u r e  i n  t h e  s p e c t r a  o f  a l l  t h e  c o m p le x e s  was l o s t  
, and a d r a s t i c  d e c r e a s e  i n  t h e  e m is s io n  quantum  y i e l d
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Mas n o t e d ,  e x c e p t  i n  t h e  c a s e  o f  C R u ( b i p y ) .
T h e  e x p e r i m e n t a l  p r o c e d u r e s  t h a t  w e re  f o l l o w e d  i n  t h e  
a c q u i s i t i o n  o f  e m is s io n  s p e c t r a  a t  d i f f e r e n t  
t e m p e r a t u r e s  a s  w e l l  a s  t h o s e  u se d  i n  o r d e r  t o
d e t e r m in e  l i f e t i m e s  a t  7 7  K h a v e  b e e n  d e s c r ib e d  i n  
d e t a i l  i n  C h a p t e r  I I ,  S e c t i o n  C. T h e  e x c i t a t i o n  
w a v e le n g t h  was 4 5 0  nm, and  t h e  r a n g e  5 0 0  -  7 0 0  nm was  
s c a n n e d ;  i d e n t i c a l  c o n d i t i o n s  w e re  u se d  f o r  t h e  
a c q u i s i t i o n  o f  a l l  e m is s io n  s p e c t r a .  The  p r o p e r t i e s  , i n  
EtO H/M eO H, 4 s 1 , v / v  a t  7 7  K a r e  shown i n  T a b l e  X X V I . 
A b s o lu t e  e m is s io n  q uan tu m  y i e l d  w e re  e v a l u a t e d  by  t h e  
u s e  o f  CRu ( b i p y )  a s  t h e  r e f e r e n c e  ( Q„ =
0 . 3 7 6 ) 10fc.
The  t e m p e r a t u r e  d e p e n d e n c e  o f  t h e  e m is s io n
quantum  y i e l d s  w e re  d e t e r m in e d  f o r
CRu ( b i p y )  3 ( p i c )  z ]-*-32 and  CRu ( b i p y )  zDPMD* 3 i n  
EtO H/M eO H, 4 : 1  , v / v  o v e r  t h e  t e m p e r a t u r e  r a n g e  100  -  
2 7 0  K ( F i g u r e s  3 0  and 3 1 ,  r e s p e c t i v e l y ) .
The  e m is s io n  o f  t h e  com plex
CRu ( b i p y )  z D P E I '*'3  was s o  weak a b o v e  t h e  s o l v e n t  
g l a s s  -  l i q u i d  t r a n s i t i o n  (9 5  -  110  K) t h a t  a  s i m i l a r
s t u d y  was n o t  a t t e m p t e d .
I n  o r d e r  t o  e v a l u a t e  t h e  quantum  y i e l d  o f  t h e
LF e x c i t e d  s t a t e  p r o d u c t i o n  a t  2 9 8  K, t h e  non -  l i n e a r
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A r r h e n i u s  p l o t  was f i t t e d  t o  E q . ( 2 )  « , B 2 , w ,9 4  . The  
p a r a m e t e r s  o b t a i n e d  b y  means o f  t h i s  f i t t i n g  p r o c e d u r e  
a r e  r e p o r t e d  i n  T a b l e  X X IX .
T h i s  d e t e r m i n a t i o n  was i n t e r e s t i n g  b e c a u s e  
t h i s  LF e x c i t e d  s t a t e  i s  c o n s id e r e d  t o  b e  d i r e c t l y  
i n v o l v e d  i n  t h e  o b s e r v e d  p h o t o s u b s t i t u t i o n  p r o c e s s e s ,  
f o r  s t u d y  o f  w h ic h ,  i n  t h e  p r e s e n t  w o r k ,  s o l u t i o n s  a t  
a m b ie n t  t e m p e r a t u r e  w e re  i n v e s t i g a t e d .
A ls o  i n v e s t i g a t e d  was t h e  t e m p e r a t u r e  
d e p e n d e n c e  o f  t h e  e m is s io n  quantum  y i e l d  o f  t h e  
c o m p le x e s  CRu ( b i p y ) ts! - 52 ,
C R u t b i p y l s . t p i c ) ^ * 3  , and C R u (b ip y l^ D P M ] - 3  i n  
t h e  s o l v e n t s  CH3 CN, CHZC1Z , and H2 D. A g a in ,  t h e  
o b s e r v e d  e m is s io n  o f  C R u ( b i p y ) w a s  t o o  weak  
t o  a l l o w  a c c u r a t e  d e t e r m i n a t i o n s .  An a t t e m p t  was made 
t o  e s t a b l i s h  a c t i v a t i o n  e n e r g i e s ,  A  E , b e tw e e n  t h e  
3 MLCT and LF e x c i t e d  s t a t e s  o f  t h e  c o m p le x e s  i n  each  
o f  t h e s e  s o l v e n t s  u n d e r  c o n d i t i o n s  w h ic h  w e re  s i m i l a r  
t o  t h o s e  a c t u a l l y  used  i n  t h e  p h o t o l y s i s  s t u d i e s  w h ic h  
w e re  done  l a t e r .  I t  was c o n s id e r e d  i m p o r t a n t  t o  o b t a i n  
e m is s io n  quantum  y i e l d  d a t a  i n  a  t e m p e r a t u r e  r a n g e  i n  
w h ic h  t h e  a m b ie n t  t e m p e r a t u r e  was i n c l u d e d .  I t  was 
hoped t h a t  a  r e a s o n a b l e  e v a l u a t i o n  o f  t h e  e f f e c t i v e  LF  
e x c i t e d  s t a t e  p o p u l a t i o n  w o u ld  b e  o b t a i n e d  u n d e r  e a c h
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s e t  o f  t h e  e x p e r i m e n t a l  p h o t o l y s i s  c o n d i t i o n s ;  h o w e v e r ,  
t h e s e  h o p e s  w e re  n o t  q u i t e  r e a l i z e d .
I n  T a b l e  XXX a r e  r e p o r t e d  t h e  p a r a m e t e r s ,  
o b t a i n e d  b y  t h e  s t a n d a r d  f i t t i n g  p r o c e d u r e  used  i n  t h i s  
w o rk ,  f o r  t h e  c o m p le x e s  CRu ( b i p y )  as}-*2 ,
[ R u t b i p y J a t p i c J z ] * ^  , and  C R u ( b ip y ) ZDPM3 *3 
d i  s s o lv e d  i  n CH3 CN.
A 1 th o u g h  t h e  c u r v e  f i t t i n g  was a c o m p l is h e d ,  
t h e  v a l u e s  o b t a i n e d  w e re  n o t  c o n v i n c i n g ,  p a r t i c u l a r l y ,  
a f t e r  t h e  v a l u e s  o b t a i n e d  f o r  t h e  r a d i a t i v e  and  non  
r a d i a t i v e  r a t e  c o n s t a n t s  o f  t h e  c o m p le x e s
CRu ( b i p y )  ;* ( p i c )  z } * 3  and CRu ( b i p y )  Z DPM3* 3  w e re  
a n a l y z e d .  A t  l e a s t ,  t h e  a n a l y s i s  o f  t h o s e  d a t a  
s u g g e s te d  a  c l e a r  t r e n d ,  t h a t  showed a  s u b s t a n t i a l l y  
g r e a t e r  p o p u l a t i o n  o f  t h e  LF e x c i t e d  s t a t e  i n  t h e  
c a s e s  o f  CRu ( b i p y )  => ( p i c )  z ] * 3  and
CRu ( b i p y )  zDPMD'*’3  , t h a n  t h a t  e s t i m a t e d  f o r  
C R u ( b ip y ) 3 3 - z  . T h i s  r e s u l t  was r e a s o n a b l e  s i n c e  t h e  
l i g a n d s  p i c  and DPM h a v e  a lo w e r  p o s i t i o n  i n  t h e  
s p e c t r o c h e m ic a l  s e r i e s  t h a n  t h a t  o f  t h e  b i p y  l i g a n d .
Th e  s t u d i e s  o f  t h e  t e m p e r a t u r e  d e p e n d e n c e  o f  
e m is s io n  quantum  y i e l d ,  w h ic h  w e r e  c a r r i e d  o u t  i n  t h e  
p r e s e n t  w o rk  w i t h  C H z C lz  and Hz 0  s o l u t i o n s  
r e s u l t e d  i n  an e v e n  m ore f r u s t r a t i n g  e x p e r i e n c e .
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U n f o r t u n a t e l y ,  t h e  e x p e r i m e n t a l  a t t e m p t s  t o  g e t  b e t t e r  
quantum  y i e l d s  o f  g e n e r a t i o n  o f  LF  e x c i t e d  s t a t e s  a t  
2 9 8  K w e re  n o t  s u c c e s s f u l .  T h e  o b s e r v e d  v a r i a t i o n s  i n  
i n t e n s i t i e s  o f  t h e  e m is s io n s  o f  t h e  c o m p le x e s
C R u ( b ip y ) = ( p i c ) z 3 ^  and  C R u ( b ip y ) Z DPM3*=  
c o u ld  n o t  be  f i t t e d  t o  E q . ( 2 ) ;  t h e  r e s u l t i n g  p a r a m e t e r s  
l a c k e d  a n y  p o s s i b l e  p h y s i c a l  m e a n in g .  The  m a jo r  
e x p e r im e n t a l  d i f f i c u l t y  w h ic h  i n t e r f e r e d  w i t h  t h e  
a c q u i s i t i o n  o f  t h e s e  d a t a ,  was t h a t  t h e  e m is s io n  
i n t e n s i t i e s  o f  t h o s e  c o m p le x e s  a t  o r  a b o v e  2 9 8  K w e re  
t o o  lo w  t o  a l l o w  a c c u r a t e  d e t e r m i n a t i o n s .  T h e r e f o r e ,  
t h e  quantum  y i e l d  o f  LF  e x c i t e d  s t a t e  p r o d u c t i o n  c o u ld  
n o t  be  e v a l u a t e d  i n  t h e  m anner i n i t i a l l y  c h o s e n .  In  
T a b le s  XXXI and X X X I I  a r e  com pared  t h e  e m is s io n  quantum  
y i e l d s  o f  C R u ( b ip y ) z ( p i c ) z 3 *3  and
C R u ( b ip y ) ZDPM3*Z i n  CH3 CN and CHZ C1Z a t  2 9 8  K 
w i t h  t h o s e  o f  CRu ( b i p y )  s i * 35, i n  t h e  same s o l v e n t s .
I n  e ac h  c a s e ,  t h e  e m is s io n  quantum  y i e l d s  r e l a t i v e  t o  
t h a t  o f  CRu ( b i p y )  3 J* 52 w e re  d e t e r m in e d  ( Q . ( 2 9 8  K)
= 0 . 0 6 2 ,  i n  CHsCN ; Q „ (2 9 8  K) =  0 . 0 2 9 ,  i n
CHZC1Z ; GL, (2 9 8  K) = 0 . 0 4 2 ,  i n  Hz 0
T h e s e  d i f f i c u l t i e s  l e d  t o  a b a n d o n in g  t h e  
s t u d y  o f  t h e  e m is s io n  l i f e t i m e s  a s  a  f u n c t i o n  o f  
t e m p e r a t u r e  b e c a u s e  l i f e t i m e  d e t e r m i n a t i o n s  w o u ld  n o t
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h a v e  been  - f e a s i b l e  w i t h  t h e  a p p a r a t u s  t h a t  was  
a v a i l a b l e  a t  t h e  moment t h i s  w o rk  was b e in g  d o n e .  The  
e f f i c i e n c y  o f  LF p r o d u c t i o n  o f  t h e  c o m p le x e s
CRu ( b i p y )  2 ( p i c )  s.D-*-2  and  CRu ( b i p y )  a-DPMl- 35 a t  
2 9 8  K i n  a l l  t h e  s o l v e n t s  i n  w h ic h  t h e i r  
p h o t o s u b s t i t u t i o n  p r o c e s s e s  w e r e  i n v e s t i g a t e d  was  
c o n s id e r e d  t o  be n e a r l y  u n i t y  ( T a b l e  X X X I I I ) .
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P h o t o s u b s t i t u t i o n  quantum  y i e l d s  o f  a l l  f o u r  
c o m p le x e s ,  CRu ( b i p y ) - s i - 52 ,
C R u ( b i p y ) a . ( p i c ) z 3 * =  , CRu ( b i p y )  z D P M l* 2 , and  
C R u ( b ip y ) Z D P E 3*=  i n  0 . 5 0  M HZSCU and i n  
s o l u t i o n s  t h a t  c o n t a i n e d  0 . 0 1  M TBAC1 i n  CHZ C1Z and  
CH3 CN, r e s p e c t i  v e l y , a t  2 9 8  K w e re  d e t e r m in e d .  T h e s e  
d e t e r m i n a t i o n s  w e re  made by means o f  t h e  m eth o d s  
d e s c r ib e d  i n  t h e  e x p e r i m e n t a l  s e c t i o n .  T h e  e v a l u a t i o n s  
o f  a l l  t h e  m o la r  a b s o r p t i o n  c o e f f i c i e n t s  t h a t  w e re  
n e c e s s a r y  i n  o r d e r  t o  f o l l o w  t h e  p r o g r e s s  o f  t h e  
p h o t o s u b s t i t u t i o n  r e a c t i o n s  by  a b s o r p t i o n  s p e c t r o s c o p y  
h a v e  a l r e a d y  b ee n  d e s c r i b e d  i n  C h a p t e r  I I I ,  S e c t i o n  
D . l . b . ,  w h e re  a  c o m p le t e  summary o f  a l l  t h e  
e x p e r i m e n t a l  c o n d i t i o n s  , u n d e r  w h ic h  t h e  p h o t o l y s i s  
s t u d i e s  w e re  c o n d u c te d  , was a l s o  i n c l u d e d .
S in c e  t h e  i n t e r m e d i a t e  co m p lex  e x p e c t e d  t o  be  
g e n e r a t e d  d u r i n g  t h e  p h o t o l y s i s  o f  C R u ( b ip y ) ZDPM3* Z , 
c a n n o t  be  p r e p a r e d  i t  was assum ed t h a t  t h e  r a t i o  o f  t h e  
m o la r  a b s o r p t i o n  c o e f f i c i e n t s  o f  t h e  i n i t i a l  co m p lex  
and i t s  m o n o s u b s t i t u t e d  p h o t o g e n e r a t e d  p r o d u c t  was t h e  
same v a l u e  p r e v i o u s l y  d e t e r m in e d  f o r  t h e  com plex  
CRu ( b i p y )  Z DPE3'*'3:. T h i s  r a t i o  was d e t e r m in e d  by
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m a k in g  u s e  o f  t h e  o b s e r v e d  t h e r m a l  r e a c t i o n s  o f  
CRu ( b i p y )  z D P E l **3  t h a t  l e a d  t o  a  m o n o c h lo ro  o r  a  
monoaquo -  s u b s t i t u t e d  i n t e r m e d i a t e ;  e ac h  i n t e r m e d i a t e  
was p u r p o s e l y  g e n e r a t e d  u n d e r  c o n t r o l l e d  c o n d i t i o n s  i n  
CHsaClz  b y  a d d in g  TBAC1 and i n  H2 D by  means o f  t h e  
s u b s e q u e n t  a d d i t i o n  o f  HzSCU. The  r a t i o  o b t a i n e d  
f o r  t h e  c o m p le x e s  i n  C H b C Iz  was a l s o  assum ed t o  be  
v a l i d  f o r  CH3 CN s o l u t i o n s .  As a way o f  c h e c k in g  on 
t h i s  e s t i m a t i o n ,  t h e  same p r o c e d u r e  was a p p l i e d  t o  t h e  
co m p lex  C R u ( b ip y ) 2 ( p i c > 2 3 * =  and  t h e  m o la r  
a b s o r p t i o n  c o e f f i c i e n t s  e v a l u a t e d  i n  t h a t  way  
c o n t r a s t e d  w i t h  t h o s e  d e t e r m in e d  d i r e c t l y .  An e r r o r  o f  
2 7  “/. was d e t e c t e d ;  t h e r e f o r e ,  a  s y s t e m a t i c  e r r o r  i n
t h e  p h o t o s u b s t i  t u t i  on quantum  y i e l d  o f
CRu ( b i p y )  sDPM]-*-12 v e r y  p r o b a b l y ,  may be  p r e s e n t .
A l l  t h e  c o m p le x e s  i n  C H z C lz  and CH3 CN 
w e re  fo u n d  t o  be  e x t r e m e l y  p h o t o l a b i l e  when a  s t r o n g l y  
c o m p le x in g  l i g a n d  was p r e s e n t .  V e r y  s h o r t  t i m e s  o f  
p h o t o l y t i c  i r r a d i a t i o n  w e re  n e c e s s a r y  t o  r e a c h  
a p p r o x i m a t e l y  10  V. p h o t o s u b s t i t u t i o n  r e a c t i o n  . A l l  t h e  
p h o t o s u b s t i t u t i o n  quantum  y i e l d s  w e re  d e t e r m in e d  d u r i n g  
t h o s e  i n i t i a l  s t a g e s  o f  t h e  r e a c t i  on w h i l e  an  
i s o s b e s t i c  p o i n t  was s t i l l  m a i n t a i n e d .  The  band a t  4 3 6  
nm, f ro m  a  1 50  U Xe -  Hg lam p used  a s  an e x c i t a t i o n
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s o u r c e ,  was i s o l a t e d  by  means o f  an  i n t e r f e r e n c e  
f i 1t e r .
F i g u r e s  3 2 ,  3 3 ,  3 4 ,  and  3 5  a r e  r e p r e s e n t a t i v e  
o f  t h e  c h a n g e s  t h a t  w e re  o b s e r v e d  i n  t h e  r e s p e c t i v e  
a b s o r p t i o n  s p e c t r a  o f  t h e  c o m p le x e s  , CRu ( b i p y )  s i '* '32, 
C R u t b i p y J z t p i c J z ] * 3 , CRu ( b i p y )  ZDPM]"*"Z , and  
CRu ( b i p y ) 3 D P E ]‘*_z d u r i n g  t y p i c a l  p h o t o l y s e s .
T h e  c a s e  o f  t h e  co m p le x  CRu ( b i p y )  z D P E I"'3 
d e s e r v e s  a  s p e c i a l  e x p l a n a t i o n .  I t  was fo u n d  t h a t  t h i s  
c o m p le x ,  a l t h o u g h  s t a b l e  i n  CH=C 1Z i n  t h e  d a r k ,  w as ,  
n e v e r t h e l e s s ,  r a p i d l y  t r a n s f o r m e d  i n  t h e  p r e s e n c e  o f  
01“  by  a  t h e r m a l  r e a c t i o n  t o  a  p r o d u c t  w h ic h  had  an  
a b s o r p t i o n  maximum l o c a t e d  a t  5 0 4  nm; t h i s  t h e r m a l l y  
g e n e r a t e d  i n t e r m e d i a t e  was s t a b l e  i n  t h e  d a r k  f o r  a t  
l e a s t  1 h o u r .  T h e r e f o r e ,  t h e  p h o t o l y s i s  o f  t h i s  
i n t e r m e d i a t e  c o m p le x ,  r a t h e r  t h a n  t h e  p h o t o s u b s t i t u t i o n  
r e a c t i o n  o f  t h e  s t a r t i n g  c o m p le x  l e a d i n g  t o  t h e  f i r s t  
p h o t o p r o d u c t ,  was a c t u a l l y  s t u d i e d .
S i m i l a r  r e s u l t s  w e re  o b t a i n e d  when 0 . 0 1  M 
s o l u t i o n s  o f  TBAC1 i n  CH3 CN w e re  u s e d .  H o w e v e r ,  i n  
t h i s  m edium , CRu (b ip y )z D P E D -* 25 was s t a b l e  i n  t h e
d a r k  and e x h i b i t e d  a  p h o to c h e m ic a l  b e h a v i o r  q u i t e  
s i m i l a r  t o  t h a t  o b s e r v e d  i n  t h e  c a s e s  o f  t h e  c o m p le x e s  
CRu ( b i p y )  z  ( p i c )  and CRu ( b i p y )  zDPMD-*-12 «
2 4 5
I n  0 . 5 0  M H2SO4 ) [ R u ( b i p y ) t ] * 2  was 
■found t o  be  v e r y  p h o t o s t a b l e ,  w h i l e  b o t h ,
C R u ( b ip y ) z ( p i c ) s ] * =  and C R u C b ip y )=DPM3*=  
u n d e r w e n t  r e l a t i v e l y  e f f i c i e n t  p h o t o a q u a t io n  p r o c e s s e s .  
J u s t  a s  i n  s o l u t i o n s  o f  0 . 0 1  M TBAC1 i n  CH3C12 ,
C R u (b ip y J a D P E l - 3 showed i t s  i n s t a b i l i t y  i n  0 . 5 0  M 
Hz S04 , i n  w h ic h  a t h e r m a l  s o l v o l y s i s  t o  t h e  monoaquo  
c o m p le x  o c c u r s .  O nce m o re ,  t h e  p r o c e s s  a c t u a l l y
o b s e r v e d  was t h e  p h o t o l y s i s  o f  t h e  t h e r m a l l y  g e n e r a t e d  
i n t e r m e d i a t e  .
I n  T a b l e  X X X I I I ,  a r e  s u m m a r iz e d  a l l  t h e  
v a l u e s  o f  t h e  p h o t o s u b s t i t u t i o n  quantum  y i e l d s  f o r  a l l  
t h e  c o m p le x e s  a t  2 9 8  K t h a t  w e re  c o l l e c t e d  d u r i n g  t h e  
p r e s e n t  w o rk  ; i n  t h e  same T a b l e  X X X I I I  a r e  p r e s e n t e d  
t h e  e s t i m a t e d  quantum  y i e l d s  o f  f o r m a t i o n  o f  t h e
c o r r e s p o n d in g  LF e x c i t e d  s t a t e s  .
I t  can  be s e e n  t h a t  t h e  s i x  and s e v e n  -  
membered r i n g  l i g a n d s  seem t o  b e h a v e  a lm o s t  i d e n t i c a l l y  
t o  C R u ( b ip y ) 2 ( p y ) ^ 2 * ^  i n  s o l v e n t s  i n  w h ic h  
e q u i l i b r i a  o f  io n  p a i r i n g  can e x i s t  t o  some d e g r e e .
H o w e v e r ,  i n  Hz 0 ,  t h e  s i x  -  membered c h e l a t e  r i n g
showed a  b e h a v i o r  s i m i l a r  t o  t h a t  o f  C R u ( b i p y ) s ] * 2 .
T h e  r e s u l t s  i n d i c a t e d  t h a t  t h e  r e c l o s u r e  o f  t h e  c h e l a t e
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r i n g  had becom e a c o m p e t i t i v e  p r o c e s s  i n  Hz 0 .
T h e  a b s o r p t i o n  and e m is s io n  s p e c t r a  o f  t h e
f o u r  c o m p le x e s  M e re  n o t  u n u s u a l .  I n  a l l  c a s e s ,  t h e
i n t e n s e  MLCT a b s o r p t i o n  band o c c u r s  n e a r  4 5 0  nm.
A n a l y s i s  o f  t h e  I o m  t e m p e r a t u r e  e m is s io n  s p e c t r a
r e v e a l e d  t h a t  C R u C b ip y )Z D P E 3 -Z h a s  an u n u s u a l l y  lo w  
r a d i a t i v e  r a t e  c o n s t a n t  . The  c a u s e  o f  t h i s  
e x p e r i m e n t a l  f i n d i n g  i s  a t  p r e s e n t  unknow n. A t  2 9 8  K, 
t h e  e m is s io n s  o f  t h e  c o m p le x e s  C R u ( b ip y ) ZL ] * Z (L  =  
( p i c ) D P M  o r  D P E ) , had s u b s t a n t i  a l 1y  r e d u c e d  
i n t e n s i t i e s ;  t h i s  r e s u l t  i s  commonly o b s e r v e d  i n  t h e  
c a s e s  o f  c o m p le x e s  t h a t  h a v e  a t  l e a s t  one  l i g a n d  
w e a k e r  t h a n  b i p y  i n  t h e  s p e c t r o c h e m ic a l  s e r i e s 1 0 0 .
P o p u l a t i o n  o f  t h e  LF e x c i t e d  s t a t e  i s  one  
i m p o r t a n t  p a th w a y  o f  d e c a y  o f  t h e  3 MLCT s t a t e  . I t  h a s  
b ee n  n o te d  p r e v i o u s l y ,  t h a t  t h e  e m is s io n  1 i f e t i m e  and  
t h e  e m is s io n  i n t e n s i t i e s  e x h i b i t  a  t e m p e r a t u r e  
d e p e n d e n c e  t h a t  h a s  b ee n  a s c r i b e d  t o  p a r t i a l  p o p u l a t i o n  
o f  t h i  s LF  e x c i t e d  s t a t e .  I n  t h e  c a s e  o f  
C R u ( b ip y ) 3 D * = ,  r e p o r t e d  e x p e r im e n t a l  r e s u l t s  
i n d i c a t e  t h a t ,  d e p e n d in g  upon t h e  s o l v e n t ,  2 0 V. -  9 0  7.
o f  t h e  i n i t i a l  p o p u l a t i o n  o f  t h e  3 MLCT e x c i t e d  s t a t e  
i s  d e a c t i v a t e d  by  t h e r m a l  c o n v e r s io n  t o  t h e  p o s t u l a t e d
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h i g h e r  -  l y i n g  LF e x c i t e d  s t a t e 10"’' . I n  t h e  p r e s e n t  
w o r k ,  i t  was e s t i m a t e d  t h a t  i n  t h e  c a s e s  o-f t h e  
c o m p le x e s  CRu ( b i p y )  2  ( p i c )  a ! - 52 and
CRu ( b i p y )  sD P M l-*-2  , e s s e n t i a l l y  1007. o-f t h e  
e x c i t a t i o n  e n e r g y  i s  d i s s i p a t e d  v i a  p r o d u c t i o n  o-f t h e i r  
c o r r e s p o n d in g  LF e x c i t e d  s t a t e s .
I t  was o b s e r v e d  t h a t  i n  t h e  e a r l y  s t a g e s  o-f 
p h o t o l y s i s  o f  CRu ( b i p y ) 2  ( p i c )  =.]-*-=> i n 0 . 0 1  M 
s o l u t i o n  o f  TBAC1 i n  C H ^ C l a n  i s o s b e s t i c  p o i n t  
l o c a t e d  a t  481  nm d e v e lo p e d  a s  t h e  i n i t i a l  p h o to p r o d u c t  
w h ic h  had  a maximum o f  a b s o r p t i o n  a t  5 0 8  nm 
a c c u m u la te d  ( F i g u r e  3 3 ) .  A f t e r  a  p e r i o d  o f  p h o t o l y t i c  
i r r a d i a t i o n ,  a  s i g n i f i c a n t  f r a c t i o n  o f  t h e  e x c i t i n g  
l i g h t  began  t o  be  a b s o r b e d  by  t h i s  i n t e r m e d i a t e ,  t h e  
i s o s b e s t i c  p o i n t  was l o s t  , and a  se c o n d  s p e c ie s  w h ic h  
had an a b s o r p t i o n  maximum l o c a t e d  a t  5 5 0  nm a p p e a r e d .  A 
s i m i l a r  b e h a v i o r  had  b e e n  d e t e c t e d  i n  p r e v i o u s  s t u d i e s  
o f  t h e  com plex  C R u ( b i p y ) = ( p y ) a n d  t h e
p h o t o s u b s t i t u t i o n  s e q u e n c e  shown b y  means o f  t h e  
r e a c t i o n s  I  and I I  was p r o p o s e d * 1 ' 10 *5' .  The  same 
m echanism  was assum ed i n  o r d e r  t o  e x p l a i n  t h e  
o b s e r v a t i o n s  made i n  t h e  p h o t o l y s i s  e x p e r im e n t  
d e s c r ib e d  a b o v e .
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hv
I . CRu ( b i p y )  z  (p y )  zD "*-32---------- *CRu ( b i p y )  *  (p y )  C l  l * x
C l ~
hv
I I .  C R u (b ip y )  = ( p y ) C 1 3 - 1------------------> C R u ( b ip y ) ^301=.
c i-
V i r t u a l l y  t h e  same b e h a v i o r  was fo u n d  d u r i n g  
t h e  p h o t o l y s i s  o f  t h e  c o m p le x  CRu ( b i p y )  zDPMl'*'3  i n
0 . 0 1  M s o l u t i o n  o f  TBAC1 i n  CHZC1Z . The  s e t  o f  
a b s o r p t i o n  s p e c t r a  s u p e r im p o s e d  i n  F i g u r e  3 4  m o n i t o r  
t h e  c o u r s e  o f  t h e  o b s e r v e d  p h o t o s u b s t i t u t i o n  r e a c t i o n s ;  
t h e r e  i s  an i n i t i a l  i s o s b e s t i c  p o i n t  w h ic h  i s  
s u b s e q u e n t ly  l o s t  when t h e  i n t e r m e d i a t e  p h o t o p r o d u c t  
r e a c h e d  a  c o n c e n t r a t i o n  s u f f i c i e n t l y  h ig h  t o  a b s o rb  a  
s u b s t a n t i a l  f r a c t i o n  o f  t h e  i n c i d e n t  p h o t o l y t i c  
r a d i a t i o n .  I n t e r e s t i n g l y ,  t h e  quantum  y i e l d  o f  t h e  
p h o t o s u b s t i t u t i o n  r e a c t i o n ,  w h ic h  a c t u a l l y  r e p r e s e n t s  
t h e  quantum  y i e l d  o f  g e n e r a t i o n  o f  t h e  f i r s t  
p h o t o s u b s t i t u t i o n  p r o d u c t  b e in g  g e n e r a t e d  u n d e r  t h e  
p h o t o l y s i s  c o n d i t i o n s ,  t u r n e d  o u t  t o  b e  a s  l a r g e  a s  t h e  
c o r r e s p o n d in g  v a l u e  o f  p h o t o p r o d u c t io n  o f  t h e  f i r s t  
i n t e r m e d i a t e  o b s e r v e d  when t h e r e  w e re  s i m i l a r
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p h o t o l y s i s  c o n d i t i o n s  f o r  t h e  r e a c t i o n  o-f 
CRu ( b i p y )  z  ( p i c )  zD -*-52 .  A p p a r e n t l y ,  w i t h  t h e s e
e x p e r i m e n t a l  c o n d i t i o n s  t h i s  b e h a v i o r  i n d i c a t e s  t h a t  
t h e  r i n g  c l o s u r e  i s  n o t  p a r t i c u l a r l y  i m p o r t a n t  i n  t h e
c o l l a p s e  o-f t h e  p e n t a c o o r d i n a t e d  i n t e r m e d i a t e  ( I )
p o s t u l a t e d  i n  t h e  g e n e r a l  p h o t o s u b s t i t u t i o n  model 
( F i g u r e  9 ) .
The CRu ( b i p y )  z D P E l '*'2  c o m p le x ,  w h ic h  was  
shown t o  be  t h e r m a l l y  u n s t a b l e  i n  0 . 0 1  M TBAC1 
s o l u t i o n s  i n  CH2C12 , p ro d u c e d  w i t h i n  a  -few m in u te s  
a  s p e c ie s  w i t h  an a b s o r p t i o n  maximum l o c a t e d  a t  5 0 4  nm. 
T h i s  p r o d u c t ,  w h ic h  e x h i b i t e d  an a b s o r p t i o n  s p e c t r u m  
w i t h  f e a t u r e s  s i m i l a r  t o  t h o s e  o f  t h e  i n i t i a l l y  
g e n e r a t e d  p h o to p r o d u c t  o b s e r v e d  d u r i n g  t h e  p h o t o l y s i s  
o f  t h e  l a s t  tw o  c o m p le x e s  d is c u s s e d ,  was assumed t o  
h a v e  a  f o r m u la  i n  w h ic h  o n e  C l -  a n io n  i s  c o o r d i n a t e d
i . e .  CRu ( b i p y )  z C l p y ' CH zCHzpy ]-*-1 . The
n o m e n c la t u r e  py*C H zC H zpy  was i n t e n d e d  t o  s y m b o l i z e  
t h e  l o s s  o f  one  o f  t h e  d i r e c t  N -  m e ta l  b o n d s .  
I n i t i a l l y  b o th  o f  t h e  p y r i d i n e s  w e re  c o o r d i n a t e d ,  and  
l a t e r  o n e  p y r i d i n e  r i n g ,  p y ’ , o f  t h e  l i g a n d  DPE was  
d e t a c h e d  f ro m  t h e  m e ta l  c e n t e r .  T h i s  i n t e r m e d i a t e
t h e r m a l l y  g e n e r a t e d  p r o d u c t  was fo u n d  t o  be  r e l a t i v e l y
s t a b l e  i n  t h e  d a r k  (no  a p p r e c i a b l e  d e c o m p o s i t io n  was
2 5 0
d e t e c t e d  b y  a b s o r p t i o n  s p e c t r o s c o p y  f o r  a b o u t  i  h o u r )  
b u t  i t  c o u ld  r e a d i l y  u n d e rg o  a  p h o t o s u b s t i t u t i o n
r e a c t i o n  u n d e r  p h o t o l y s i s  c o n d i t i o n s  t o  p r o d u c e  
C R u ( b ip y ) 2 1C1Z . An i s o s b e s t i c  p o i n t  Mas m a i n t a in e d  
t h r o u g h o u t  t h e  p h o t o l y s i s  ( F i g u r e  3 5 ) ;  t h i s  i s o s b e s t i c  
p o i n t  c o n s e r v a t i o n  show s a  d i r e c t  r e l a t i o n s h i p  b e tw e e n  
t h e  r e a c t a n t ,  t h e  i n i t i a l l y  t h e r m a l l y  fo rm e d
i n t e r m e d i a t e ,  and  t h e  p r o d u c t ,  t h e  f i n a l  co m p lex
g e n e r a t e d  by  p h o to s u b s t  i  t u t  i  o n ; i n  t h i s  c a s e  t h e  
p r o d u c t  was C R u ( b ip y ) z ] C l z . I t  was d e t e r m in e d  t h a t  
t h e  quantum  y i e l d  f o r  t h e  l o s s  o f  t h e  s e c o n d  c h e l a t i n g
p o s i t i o n  o f  t h e  1 ig a n d  DPE , w h ic h  can  b e  v i s u a l i z e d  t o
be  t h e  d e ta c h m e n t  o f  t h e  sec o n d  p y r i d i n e  o f  t h e  DPE
1 ig a n d  f r o m  t h e  p r e v i o u s l y  i d e n t i f i e d  i n t e r m e d i a t e ,  was  
s u b s t a n t i a l l y  l a r g e r  t h a n  t h a t  e v a l u a t e d  f o r  t h e  
s i m i l a r  p h o t o s u b s t i  t u t i  on p r o c e s s  i n  t h e  c a s e  o f
C R u (b ip y )z D P M D -3 ; h o w e v e r ,  i n  t h e  l a t e r  c a s e ,  t h e  
d e t e r m in e d  quantum  y i e l d  was d i r e c t l y  r e l a t e d  t o  t h e  
d e ta c h m e n t  o f  t h e  f i r s t  p y r i d i n e  r i n g  , p a r t  o f  t h e  
s t r u c t u r e  o f  t h e  1 ig a n d  DPM. H o w e v e r , t h e  sec o n d  s t e p  
i n  t h e  p r e v i o u s l y  p r e s e n t e d  p h o t o s u b s t i t u t i o n  scheme  
h a s  b ee n  r e p o r t e d  t o  h a v e  a  r a t h e r  lo w  quantum
y i e l d 10"’ ’ . The  d i f f e r e n t  b e h a v i o r  o b s e r v e d ,  i n  t h e  
p r e s e n t  s t u d y ,  may p o s s i b l y  r e s u l t  a s  a  c o n s e q u e n c e  o f  
t h e  i n c r e a s e d  s t e r i c  s t r a i n  , e x p e c t e d  t o  be  p r e s e n t  i n
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t h e  c a s e  o f  DPE.
F i g u r e  3 2  shows t h e  b e h a v i o r  d u r i n g  t h e  
p h o t o l y s i s  o f  CRu ( b i p y )  3, 3- =  i n  0 . 0 1  M TBAC1 i n  
C H z C lz ;  an i s o s b e s t i c  p o i n t  i s  m a i n t a in e d  . The  
i n t e r m e d i a t e  co m p lex  c a n n o t  be  d e t e c t e d ;  a p p a r e n t l y ,  
t h i s  i n t e r m e d i a t e  r e v e r t s  t o  t h e  s t a r t i n g  
CRu ( b i p y )  o r ,  a l  t e r n a t  i  v e l  y , p r o c e e d s  v i a  t h e
sec o n d  p h o t o s u b s t i t u t i o n  s t e p  o f  t h e  m echan ism , assumed  
t o  b e  o p e r a t i v e  i n  t h e  p r e s e n t  w o rk ,  to w a r d s  t h e  
g e n e r a t i o n  o f  CRu ( b i p y )  s-UCl-,. The  i s o s b e s t i c  p o i n t  
m a i n t a in e d  t h r o u g h o u t  t h e  p h o t o r e a c t i o n  i n d i c a t e d  t h a t  
t h e s e  a v a i l a b l e  d e c a y  p a th w a y s  a r e  t h e r m a l  and  
r e a s o n a b l y  r a p i d .  Q u a n t i t a t i v e l y ,  t h i s  p h o t o r e a c t i o n  
o c c u r r e d  w i t h  a  quantum  y i e l d  s u b s t a n t i a l l y  lo w e r  th a n  
t h o s e  o f  t h e  t h r e e  p r e v i o u s  c o m p le x e s .  The  LF e x c i t e d  
s t a t e  i n  CHZC12 i s  fo rm e d  v e r y  e f f i c i e n t l y  ( y i e l d ,  
a b o u t  9 3  ’/ . )  1° '7'.  Thus  t h e  o b s e r v e d  d i f f e r e n c e  i n
quantum  y i e l d  c a n n o t  b e  a s c r i b e d  t o  v a r i a t i o n s  i n  t h e  
p o p u l a t i o n  o f  t h e  r e s p e c t i v e  LF e x c i t e d  s t a t e s  i n v o l v e d  
i n  t h e  p h o t o s u b s t i t u t i o n  p r o c e s s e s .  A seco n d  p o s s i b l e  
f a c t o r ,  w h ic h  c o u ld  b e  c a p a b l e  o f  e x p l a i n i n g  t h e  lo w  
quantum  y i e l d  , w o u ld  b e  t h e  i n e f f i c i e n t  c a p t u r e  o f  
C l -  a f t e r  t h e  p o s t u l a t e d  p e n t a c o o r d i n a t e d
i n t e r m e d i a t e  h a s  been  p r o d u c e d .  H o w e v e r ,  t h e  i o n s  a r e
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e x p e c t e d  t o  be w e l l  p a i r e d  i n  0 . 0 1  M s o l u t i o n s  o-f TBAC1 
i n  C H z C lz ,  and c o n s e q u e n t l y ,  t h i s  p r o c e s s  s h o u ld  be  
- f a s t .  I n  s o l v e n t s  o f  lo w  t o  m o d e r a te  p o l a r i t y ,  i o n s  a r e  
e x t e n s i v e l y  a s s o c i a t e d  i n t o  p a i r s 1 1 0 . B e c a u s e  t h e  
r e a c t i v i t y  o f  an io n  can  be  s i g n i f i c a n t l y  a f f e c t e d  by  
t h e  p r e s e n c e  o f  a n y  c o u n t e r  -  i o n  n e a r b y ,  t h e  io n  -  
p a i r i n g  phenomenon u n d o u b t e ly  p l a y s  an i m p o r t a n t  r o l e  
i n  t h e  c h e m i s t r y  o f  i o n i c  s p e c i e s  i n  t h e s e  s o l v e n t s .  
The e x i s t e n c e  o f  tw o  d i s t i n c t  t y p e s  o f  io n  p a i r s  h a s  
been  e s t a b l i s h e d 1 1 0 ; t h e  c o n t a c t  i o n  p a i r ,  M-" X-  
and t h e  s o l v e n t  s e p a r a t e d  io n  p a i r ,  M "V /X ~  i n  w h ic h  
a  m o le c u le  o f  s o l  v e n t  i s  b e tw e e n  t h e  i o n s  .
T h e r e f o r e ,  c o n s i d e r i n g  t h e  assum ed i n i t i a l  
f a v o r a b l e  f o r m a t i o n  o f  t h e  i n i t i a l l y  g e n e r a t e d  
m o n o s u b s t i t u t e d  c o m p le x ,  CRu ( b i p y )  jgCl ( b i p y ) '  I -*"1 , i n  
w h ic h  ( b i p y ) ’ d e n o t a t e s  t h a t  b i p y  t h a t  h a s  one  
c o o r d i n a t i o n  p o s i t i o n  f r e e  , i t  was c o n s id e r e d  t h a t  t h e  
u l t i m a t e  f a t e  o f  t h a t  s p e c ie s  was r e s p o n s i b l e  f o r  t h e  
f o u r  -  f o l d  d e c r e a s e  o b s e r v e d  i n  t h e  p h o t o s u b s t i t u t i o n  
quantum  y i e l d  o f  C R u ( b ip y ) 3 3 - 2 . The c o n c lu s io n  was  
t h a t  t h i s  m o n o s u b s t i t u t e d  co m p lex  can  r a p i d l y  r e f o r m  
t h e  s t a r t i n g  C R u ( b i p y ) , a  p r o c e s s  t h a t  
a p p a r e n t l y  i s  much l e s s  s i g n i f i c a n t  i n  t h e  
p h o t o c h e m is t r y  o f  t h e  o t h e r  t h r e e  c o m p le x e s  .
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A l l  f o u r  c o m p le x e s  w e re  t h e r m a l l y  s t a b l e  i n  
0 . 0 1  M s o l u t i o n s  o f  TBAC1 i n  CH3 CN b u t  d i d  u n d e rg o  
p h o t o a n a t i o n .  In  t h i s  s o l v e n t  , t h e  q u a l i t a t i v e  
b e h a v i o r s  o f  a l l  f o u r  c o m p le x e s  w e re  s i m i l a r ;  i n i t i a l l y  
an i s o s b e s t i c  p o i n t  o c c u r r e d  w h i l e  an i n t e r m e d i a t e  
c o m p lex  w i t h  an a b s o r p t i o n  maximum a t  4 9 0  nm 
a c c u m u la te d .  The  i d e n t i t y  o f  t h i s  n e w ly  o b s e r v e d  
c o m p lex  was c o n s id e r e d  t o  b e ,  C R u ( b ip y ) 2 C l ( p y ’ -
(CH2 ) n - p y ) D * 1 , a l t h o u g h  C R u ( b ip y ) 2C 1(C H SC N ) I * 1 
c a n n o t  b e  e l i m i n a t e d 1 1 1 .
An i m p o r t a n t  a s p e c t  o f  io n  -  p a i r i n g  b e h a v i o r  i s  t h e  
e v e n t u a l  c o o r d i n a t i o n  o f  t h e  c a t i o n s  o f  t h e  c o m p le x e s  
w i t h  e l e c t r o n  -  d o n o r  s i t e s  o f  t h e  i n v o l v e d  s o l v e n t .  
T he i s o s b e s t i c  p o i n t  was l o s t  when t h e  p h o t o l y s e s  w e re  
c o n t i n u e d  and a b s o r p t i o n  d u e  t o  C R u ( b ip y ) 2C12 ]  was  
d e t e c t e d .  E x t e n s i v e  p h o t o l y s i s  o f  a l l  f o u r  c o m p le x e s  
r e s u l t e d  i n  c o m p le t e  c o n v e r s i o n  t o  C R u ( b ip y ) 2 C12 ] .
The  quantum  y i e l d s  o f  t h e  p h o t o s u b s t i t u t i o n  
r e a c t i o n s  t h a t  w e re  i n v e s t i g a t e d  i n  t h i s  w ork  a r e  shown 
i n  T a b le  X X X I I I .  The  m ost d r a m a t i c  d e c r e a s e  i n  t h i s  
o b s e r v e d  quantum  y i e l d  was n o t e d  i n  t h e  c a s e  o f  
CRu ( b i p y ) - s ] - 2 . T h i s  l o s s  o f  e f f i c i e n c y  i n  t h e  
p h o t o s u b s t i t u t i o n  was r a t i o n a l i z e d  i n  t e r m s  o f  t h e  
e x p e c t e d  d e c r e a s e ,  r e l a t i v e  t o  t h a t  fo u n d  f o r
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CHzCls- s o l u t i o n s  o-f t h e  d e g r e e  o-f t h e  i o n  -  p a i r i n g  
i n  CH3 CN ; e f f e c t i v e  c a p t u r e  o f  t h e  p e n t a c o o r d i n a t e  
i n t e r m e d i a t e  by  a n y  p o t e n t i a l  l i g a n d  p r e s e n t  i n  
s o l u t i o n ,  such  a s  C l - , a s  a  c o n s e q u e n c e ,  w o u ld  h a v e  
b e e n  r e d u c e d  and  t h u s  w o u ld  d i r e c t l y  a f f e c t  t h e  
p o s s i b i l i t y  o f  o b s e r v in g  a m ore  e f f i c i e n t  
p h o t o s u b s t i t u t i o n  p r o c e s s  f o r  t h a t  c o m p le x .  I n  f a c t ,  
t h i s  e f f e c t  seemed t o  be  o p e r a t i v e ,  t o  a  s i g n i f i c a t i v e  
e x t e n t ,  o n l y  i n  t h e  c o m p le x  i n  w h ic h  t h e r e  i s  a c t i v e  
p a r t i c i p a t i o n  , o f  a  f i v e  -  membered r i n g ,  t h a t  i s ,  
CRu ( b i p y )  ; f o r  i n s t a n c e ,  t h e  quantum  y i e l d  o f
p h o t o s u b s t i t u t i o n  was s t i l l  r e l a t i v e l y  h i g h  f o r  t h e  
co m p lex  w h ic h  had  a s i x  -  membered r i n g  d i r e c t l y  
i n v o l v e d  i n  t h e  p h o t o c h e m is t r y ,  C R u ( b ip y ) Z DPM3*2 .
In  0 . 5 0  M H tS C U , CRu ( b i p y )  was
fo u n d  t o  b e  p h o t o s t a b l e  (Qph < l .  1 0 ~ - * ) . U n d er  t h e  
same c o n d i t i o n s ,  C R u ( b i p y ) z ( p i c ) z ] - 3  r e a d i l y
u n d e r w e n t  a  p h o t o a q u a t io n  r e a c t i o n ,  and
C R u ( b ip y ) 3 ( p i c ) ( H z O ) i] - 3  was g e n e r a t e d .  The
b e h a v i o r  t h a t  was o b s e r v e d  i s  q u a n t i t a t i v e l y  s i m i l a r
t o  t h a t  p r e v i o u s l y  r e p o r t e d  f o r  t h e  c a s e  o f
CRu ( b i p y )  z  (p y )  z l -*-3 1 . H o w e v e r ,  a  d i f f e r e n t
b e h a v i o r  was n o t e d  i n  t h i s  w ork  i n  t h e  c a s e  o f  t h e
co m p le x  C R u ( b ip y Iz D P M l - 2 . P h o t o l y s i s  o f  t h i s
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c o m p le x  r e s u l t e d  i n  t h e  p r o d u c t i o n  o f  a  s p e c i e s  t h a t  
h a s  an  a b s o r p t i o n  s p e c t r u m  i d e n t i c a l  w i t h  t h a t  o f
CRu ( b i p y )  z  (HzO) zl"*'32. F u r t h e r m o r e ,  an i s o s b e s t i c  
p o i n t  , l o c a t e d  a t  4 7 6  nm was m a i n t a in e d  t h r o u g h o u t  t h e  
p h o t o l y s i s .  T h i s  b e h a v i o r  was q u a l i t a t i v e l y  s i m i l a r  t o  
t h a t  o b s e r v e d  i n  t h e  c a s e  o f  p h o t o l y s i s  o f  t h e  co m p lex  
CRu ( b i p y )  3 3’*'3 i n  0 . 0 1  M TBAC1 s o l u t i o n s  i n
C H z C lz . T h i s  f a c t  was i n t e r p r e t e d  t o  b e  e v i d e n c e
t h a t  w o u ld  s u g g e s t  t h a t  t h e  f i r s t  monoaquo p h o t o p r o d u c t  
i n t e r m e d i a t e  co m p le x  was n o t  a  s t a b l e  i n t e r m e d i a t e ,  and  
t h a t  o n c e  f o r m e d ,  i t  r a p i d l y  u n d e r w e n t  d e c a y  p r o c e s s e s ,  
e i t h e r  b a c k  t o  t h e  s t a r t i n g  c o m p le x  o r ,  a l t e r n a t i v e l y ,  
t o  a  new co m p lex  t h a t  c o n t a i n e d  a  s e c o n d  H3 0 l i g a n d .
I n  t h e  l a t t e r  c a s e  a t o t a l  d e ta c h m e n t  o f  t h e  l i g a n d  
a l l e g e d l y  i n v o l v e d  i n  t h e  p h o t o s u b s t i t u t i o n a l  
c h e m i s t r y ,  i n  t h i s  c a s e ,  DPIi w o u ld  o c c u r ; t h i s  l a s t  
p h o t o s u b s t i t u t i o n  r e a c t i o n  w o u ld  l e a d  t o  t h e  f o r m a t i o n
o f  C R u ( b i p y ) z ( H z O ) A p p a r e n t l y ,  t h e  r a t e  o f  
r e c l o s u r e  f o r  t h e  s i x  -  membered c h e l a t e  r i n g  i s  s lo w
and t h i s  p r o c e s s  c o u ld  c o m p e te  w i t h  t r a p p i n g  t h e
i n t e r m e d i a t e  o n l y  i n  s o l v e n t s  i n  w h ic h  i o n  p a i r i n g  i s  
n o t  e x t e n s i v e .  F u r t h e r  s u p p o r t  o f  t h i s  h y p o t h e s i s ,  can  
be  p r o v i d e d  b y  t h e  e x p e r i m e n t a l  o b s e r v a t i o n  t h a t  t h e  
p h o t o l y s i s  r e a c t i o n s  o c c u r r e d  a t  e s s e n t i a l l y  t h e  same  
r a t e  i n  b o th  m e d ia ,  HzO and 0 . 5 0  M HzSO^, i n  t h e
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c a s e  o f  C R u ( b ip y ) 2 ( p i c ) = . : - = ,  b u t  t h e  p r o g r e s s  o f  
t h e  p h o t o l y s i s  was n o t e d  t o  be  s u b s t a n t i a l l y  s lo w e r  i n  
t h e  c a s e  o f  C R u (b ip y )z D P M D -2 d i s s o l v e d  i n  Hz 0 .  I n  
s h o r t ,  i t  m ig h t  b e  c o s id e r e d  t h a t  t h e  DPM l i g a n d  
p r o v i d e d  a  b r i d g e  b e tw e e n  t h e  p h o t o c h e m i s t r i e s  
o c c u r r i n g  i n  t h e  p r e s e n c e  and t h e  a b s e n c e  o f  a  c h e l a t e  
r i n g .
F i n a l l y ,  C R u ( b ip y ) 2 DPE3"*~^ was fo u n d  t o  be  
t h e r m a l l y  u n s t a b l e  i n  0 . 5 0  M HZSCU i n  w h ic h  i t  
r a p i d l y  decom posed t o  t h e  monoaquo i n t e r m e d i a t e  com plex  
i n  l e s s  t h a n  a  m in u t e .  T h e  quantum  y i e l d  o f  
p h o t o s u b s t i t u t i o n  o f  t h i s  i n t e r m e d i a t e  co m p le x  t o
C R u ( b ip y ) ^ ( H ^ O ) 2 ] + 2  was d e t e r m in e d  t o  be  
r e a s o n a b l y  h i g h .  A g a in ,  t h i s  b e h a v i o r  c o n t r a s t e d  w i t h  
t h e  o b s e r v e d  r e a c t i v i t y  o f  t h e  co m p lex
CRu ( b i p y )  =» (p y )  (H3 0 )  w h ic h  u n d e r g o e s
p h o t o s u b s t i t u t i o n  o f  t h e  r e m a in in g  p y r i d i n e  o n l y  v e r y  
s l o w l y .
2 . 1 . 1 . C o n c lu s io n s .
The  p h o t o s u b s t i t u t i o n  quantum  y i e l d  o f  
r u t h e n i u m ( I I ) c o m p le x e s  a c c o r d in g  t o  t h e  p o s t u l a t e d  
p h o t o s u b s t i t u t i o n  model i s  d e t e r m in e d  b y  t h e  c o m p e t i t i o n  
b e tw e e n  c h e l a t e  r i n g  r e c l o s u r e  and t r a p p i n g  t h e
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p e n t a c o o r d i n a t e  i n t e r m e d i a t e  by  an e x t e r n a l  l i g a n d .  The  
o b s e r v a t i o n s  made i n  t h i s  w ork  a r e  c o n s i s t e n t  w i t h  t h a t  
model a l t h o u g h  f u r t h e r  s t u d i e s  s h o u ld  b e  d e s ig n e d  i n  
o r d e r  t o  d e s c r i b e  i n  a  m ore d e t a i l e d  m anner t h e
p h o t o s u b s t i t u t i o n  c h e m i s t r y  o f
p o l y p y r i d i n e r u t h e n i u r n ( I I )  c o m p le x e s .  I n  t h e  c a s e  o f  a  
co m p lex  w i t h  a  f i v e  -  membered c h e l a t e  r i n g  a s  t h e  
o r i g i n a l  c h e l a t i n g  a g e n t ,  t h e  e x t e r n a l  l i g a n d  s h o u ld  be  
s p a c i a l l y  c l o s e ,  t h a t  i s ,  io n  p a i r e d ,  t o  t h e  c o m p le x e s  
i n  o r d e r  t o  a c h i e v e  an e f f e c t i v e  c o m p e t i t i o n .  In
c o n t r a s t , t h e  r e c l o s u r e  o f  s i x  -  membered c h e l a t e  r i n g s  
c a n  be v i s u a l i z e d  t o  be  a  k i n e t i c a l l y  s lo w e r  p r o c e s s .  
I n  t h i s  c a s e ,  r i n g  c l o s u r e  c a n  co m p e te  w i t h  e x t e r n a l  
l i g a n d  s c a v e n g in g  o n l y  when t h e  io n  p a i r i n g  i s  n o t  
e x t e n s i v e .  I t  s h o u ld  b e  p o i n t e d  o u t  t h a t  t h e  m a j o r i t y  
o f  t h e  o b s e r v e d  e f f e c t s  on p h o t o s u b s t i t u t i o n  a p p e a r  t o  
be a c o n s e q u e n c e  o f  t h e  s o l v e n t  -  d e p e n d e n t  c h e m i s t r y  
o f  i n t e r m e d i a t e s  fo rm e d  a f t e r  t h e  MLCT -  LF (d  -  d )  
t r a n s i t i o n  b e tw e e n  t h o s e  tw o  e x c i t e d  s t a t e s .  The
o b s e r v a t i o n s  do n o t  c o n t r a d i c t  t h e  i n i t i a l  p r e d i c t i o n  
t h a t  i n  t h e  e x t e n t  t h a t  t h e  c h e l a t e  r i n g  i n v o l v e d  i n  t h e  
p h o t o s u b s t i t u t i o n  i n c r e a s e s ,  t h e  e f f i c i e n c y  o f  r i n g  
r e c l o s u r e  s h o u ld  d e c r e a s e  and t h e  b e h a v i o r  o f  t h e
p e n t a c o o r d i n a t e d  i n t e r m e d i a t e  s h o u ld  c o n v e r g e  t o  t h a t  
e x p e c t e d  i n  t h e  c a s e  o f  t h e  co m p lex
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C R u ( b ip y ) z  ( p y ) = 3 -»-=s.
I t  a l s o  i s  p e r t i n e n t  t o  s t a t e  t h a t ,  
i m p l i c i t l y ,  t h e  a s s u m p t io n  Mas made t h a t  b o t h  r a d i a t i v e  
and n o n r a d i a t i v e  r a t e  c o n s t a n t s  a s s o c i a t e d  w i t h  d e c a y  
p a th w a y s  o f  t h e  e x c i t e d  s t a t e s  o f  t h e  i n v e s t i g a t e d  
c o m p le x e s  w e re  t e m p e r a t u r e  ( h e n c e  m edium ) i n s e n s i t i v e .  
From  a n o t h e r  p e r s p e c t i v e ,  i t  m ig h t  b e  a r g u e d  t h a t  
e q u a t i n g  4 -  p i c o l i n e  w i t h  a  b i d e n t a t e  l i g a n d  o f  t h e
s e r i e s  p r e s e n t e d  i n  F i g u r e  2 9 ,  t h a t  h a s  n =  o o ,  i s  
m i s l e a d i n g ,  b e c a u s e  p i c  i s  a  s i m p le  v a r i a t i o n  o f  
p y r i d i n e ,  i n  w h ic h  an e l e c t r o n  -  d o n a t i n g  i n f l u e n c e  i s  
i n t r o d u c e d .  I n  a n y  c a s e ,  t h e  e x p e r i m e n t a l  e v i d e n c e  was , 
e f f e c t i v e l y  , c o n s i s t e n t  w i t h  t h e  n =  oo i n t e r p r e t a t i o n .
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2 . 2 .  E f f e c t  o f  c h e l a t e  r i n g  s i z e  on t h e  
p h o t o s u b s t i t u t i o n  r e a c t i o n  o-f p o l y p y r i d i n e
r u t h e n i u m <I I ) c o m p le x e s ,  CRu ( b i p y  > i n  w h ic h  L
i n d i c a t e s  l i g a n d s  t h a t  h a v e  tw o  a m in e  g ro u p s  l i n k e d  by  
m e t h y le n e  b r i d g e s  o-f d i f f e r e n t  l e n g t h s .
T he  l i g a n d s  u se d  i n  t h e  p r e s e n t  w ork  ( F i g u r e
3 6 )  w e re  c o m m e r c i a l l y  a v a i l a b l e  ( e t h y l e n d i a m i n e  and 1 , 3
-  p r o p y l e n e d i a m i n e ) . T h e  c o r r e s p o n d in g  c o m p le x e s  w e re  
p r e p a r e d  by  means o f  t h e  p r o c e d u r e  d e s c r ib e d  i n  C h a p te r  
I I ,  s e c t i o n  B.
The p h o t o p h y s i c a l  and p h o to c h e m ic a l
p r o p e r t i e s  o f  t h e s e  c o m p le x e s  w e re  e x a m in e d .  I t  was
d e t e r m in e d  t h a t  t h e  lo w  t e m p e r a t u r e  e m is s io n  (7 7  K)
p r o p e r t i e s  o f  t h e s e  c o m p le x e s  w e re  q u i t e  d i f f e r e n t  f ro m  
t h o s e  o f  C R u ( b i p y ) . The  quantum  y i e l d s  o f  
e m is s io n  w e re  fo u n d  t o  be s u b s t a n t i a l l y  l o w e r ,  e ve n  a t
7 7  K, t h a n  t h a t  o f  C R u ( b i p y ) . A l s o , t h e
l i t e r a t u r e  v a l u e  o f  t h e  lu m in e s c e n t  l i f e t i m e  o f  t h e
com plex  C R u ( b ip y ) 3 ( e n ) a t  7 7  K was c o n s i d e r a b l y  
lo w e r  th a n  t h a t  o f  CRu ( b i p y ) No e m is s io n  
c h a r a c t e r i s t i c s  o f  t h e  com plex  C R u ( b ip y ) = ( t n )
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w e re  fo u n d  d u r i n g  an e x h a u s t i v e  l i t e r a t u r e  s e a r c h .  The  
s h a p e s  o f  t h e  e m is s io n  s p e c t r a  o f  b o t h ,  
C R u ( b ip y ) 2 ( e n ) a n d  C R u ( b ip y ) 3 ( t n ) I - 3 , w e re  
s i m i l a r  t o  t h a t  o f  C R u ( b i p y ) ; a t  77  K t h e  
t y p i c a l  v i b r a t i o n a l  band a p p e a r e d ,  b u t  a  s i g n i f i c a t i v e  
r e d  -  s h i f t  i n  t h e  w a v e le n g t h  o f  t h e  m axim a o f  t h e  
r e s p e c t i v e  e m is s io n  s p e c t r a  o c c u r r e d  ( T a b l e  X X X IV ) .
A t  h i g h e r  t e m p e r a t u r e s  t h e  p r e v i o u s l y  o b s e r v e d  
v i b r a t i o n a l  band i n  t h e  e m is s io n  s p e c t r a  o f  t h e  
c o m p le x e s  d i s a p p e a r e d ,  and a l s o  t h e i r  e m is s io n  
i n t e n s i t i e s  d e c r e a s e d  s u f f i c i e n t l y  t o  make t h e  d a t a  
a c q u i s i t i o n  d i f f i c u l t .  I t  was t h e n  d e c id e d  t o  a t t e m p t  
t o  im p ro v e  t h e  a c c u r a c y  o f  t h e  e m is s io n  m e a s u re m e n ts  by  
means o f  c a l i b r a t i o n  c u r v e s  t h a t  w e re  d ed u ced  by  t h e  
u s e  o f  t h e  e m is s io n  d a t a  o b s e r v e d  f ro m  t h e  s t a n d a r d ,  
C R u ( b i p y ) s i - 3 . The  m ethod t h a t  was f o l l o w e d  t o  
e v a l u a t e  t h e  n e c e s s a r y  c o r r e c t i o n  f a c t o r s  f o r  t h e  
d e t e r m i n a t i o n  o f  t h e  a b s o l u t e  e m is s io n  quantum  y i e l d s  
h a s  been  d e s c r ib e d  i n  t h e  E x p e r im e n t a l  C h a p t e r ,  S e c t i o n  
C. C a l i b r a t i o n  c u r v e s  f o r  t h e  c o m p le x e s  a t  77  K and 2 9 8  
K w e re  d e t e r m in e d  ( T a b l e s  I  and I I ) .  I n  T a b le  X X X IV  a r e  
su m m a rize d  t h e  e m is s io n  p r o p e r t i e s  o f  t h e  c o m p le x e s  a t  
7 7  K.
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I n  T a b le s  XXXV and XXXVI a r e  r e p o r t e d  t h e  
quantum  y i e l d s  o f  e m is s io n  o-f t h e  c o m p le x e s  
C R u ( b ip y ) = ( e n ) D * 2 and C R u ( b ip y ) 2 ( t n ) D * 3 , i n
EtQ H/M eO H, 4 s 1 , v / v ,  and  i n  H2 ID, r e s p e c t i v e l y .
W ith  t h e  a i d  o f  t h e  c o r r e c t i o n  f a c t o r s  ded u ced  
a f t e r  t h e  e v a l u a t i o n  o f  t h e  p r e v i o u s l y  m e n t io n e d  
c a l i b r a t i o n  c u r v e s ,  i t  was p o s s i b l e  t o  s t u d y  t h e  
t e m p e r a t u r e  d e p e n d e n c e  o f  t h e  e m is s io n  quantum  y i e l d s  
o f  C R u ( b ip y ) 2 (e n )  D"-3 and CRu ( b i p y )  2 ( t n )  i n
EtO H/M eO H, 4 : 1 ,  v / v  . The  t e m p e r a t u r e  r a n g e  was 120 -
2 4 0  K. T h e  p r o c e d u r e  t h a t  was f o l l o w e d  was d e s c r ib e d  i n
t h e  n o t e  a t  t h e  end  o f  T a b l e  X X X IV .  A g a in ,  t h e  quantum  
y i e l d  o f  e m is s io n  o f  CRu ( b i p y )  3 D'*'3 a t  140  K was  
used  a s  a  r e f e r e n c e .  T h e  t e m p e r a t u r e  d e p e n d e n c e  o f  t h e  
e m is s io n  quantum  y i e l d s  o f  t h o s e  tw o  c o m p le x e s  i s  shown 
i n  F i g u r e s  3 7  and 3 8 .  T h o se  same f i g u r e s  d i s p l a y  t h e  
r e s u l t i n g  c o m p u te r  g e n e r a t e d  f i t  o f  t h e  e x p e r i m e n t a l  
d a t a  ( t h e  c u r v e  f i t t i n g  p a r a m e t e r s  w e re  p r e s e n t e d  i n  
T a b le  X X X V I I ) .  The  a c t i v a t i o n  e n e r g i e s ,  A E  , o b t a i n e d  
i n  t h e  c a s e s  o f  t h e  c o m p le x e s  C R u ( b ip y ) 2 ( e n ) 3 * 3 and  
C R u ( b ip y ) 2 ( t n ) D * 2  , a r e  s m a l l ,  i n  c o m p a r is o n  w i t h  
t h a t  o f  CRu ( b i p y )  3 J'*'3 . T h i s  o b s e r v a t i o n  c o r r e l a t e s  
w e l l  w i t h  t h e  w e a k e r  a v e r a g e  l i g a n d  f i e l d  s t r e n g t h  o f  
t h o s e  tw o  c o m p le x e s ;  t h e  l i g a n d  f i e l d  s t r e n g t h s  f o r  en
and t n  a r e  e s t i m a t e d  f r o m  t h e  r e l a t i v e  p o s i t i o n s  o f  t h e
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l i g a n d s  i n  t h e  s p e c t r o c h e m ic a l  s e r i e s .  T h i s  p r e s e n t  
d a t a  a n a l y s i s ,  b a s e d  upon e m is s io n  i n t e n s i t i e s ,  seemed  
t o  g i v e  b e t t e r  v a l u e s  t h a n  t h o s e  s i m i l a r l y  o b t a i n e d  i n  
t h e  p r e v i o u s  s t u d y  o f  t h e  c o m p le x e s
CRu ( b i p y )  =? (p y )  s ] * 2  and CRu ( b i p y )  => ( d i a z ) I -"3 5
t h i s  f a c t  was p r o b a b l y  due  t o  t h e  new p r o c e d u r e  
( c a l i b r a t i o n  c u r v e s )  u se d  t o  im p ro v e  t h e  d a t a  
a c q u i s i t i o n .
D e t e r m i n a t i o n  o f  l u m in e s c e n t  l i f e t i m e s  o f  t h e  
c o m p le x e s  i n  CH3C12 and a l s o  i n  0 .0 1  M s o l u t i o n s  o f  
TEAC1 i n  C H ^C l^  a t  2 9 8  K w e re  made ( T a b l e  X X X V I I ) .  
T h e s e  m e a s u re m e n ts  g a v e  l u m in e s c e n t  l i f e t i m e s  f o r  b o th  
c o m p le x e s  o f  a b o u t  2 0 0  n se c  i n  CH2 C12 and a 
s i g n i f i c a n t l y  r e d u c e d  v a l u e  o f  a b o u t  100  n s e c  f o r  t h e  
c o m p le x e s  i n  t h e  same s o l v e n t  when i t  c o n t a i n e d  C l~  
a s  t h e  s u p p o r t i n g  e l e c t r o l y t e  .
The  q u e n c h in g  o f  t h e  e m is s io n  o f  
CRu ( b i p y ) z  (e n )  I "*-2 i n  C H ^ C lz  and  i n  0 .0 1  M 
s o l u t i o n s  o f  TEAC1 i n  CH3C12 a t  2 9 8  K was s t u d i e d .  
S e l e c t e d  q u e n c h e r s  w e r e  f e r r o c e n e ,  a n t h r a c e n e ,  m e th y l  
v i o l o g e n ,  and 1 , 2 , 4 , 5 ,  -  t e t r a c y a n o b e n z e n e .  I n  a l l
c a s e s ,  w i t h  t h e  e x e m p t io n  o f  1 , 2 , 4 , 5  -
t e t r a c y a n o b e n z e n e ,  q u e n c h in g  was o b s e r v e d .  A l s o ,  f o r
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a l l  t h e  s y s te m s ,  l i n e a r  S t e r n  -  V o lm e r  p l o t s  w e re  
o b t a i n e d .  A s i g n i f i c a n t  d e c r e a s e  o f  t h e  v a l u e  o f  
Kb v , f o r  0 . 0 1  M s o l u t i o n s  o f  TEAC1, i n  c o m p a r is o n  w i t h  
t h o s e  v a l u e s  o b t a i n e d  f o r  t h e  c o m p le x e s  i n  p u r e
CHZC1 z  was o b s e r v e d  when t h e  q u e n c h e rs  w e re  
f e r r o c e n e  and a n t h r a c e n e ;  t h i s  r e s u l t  was p r o b a b ly  due  
t o  a p a r t i a l  q u e n c h in g  o f  t h e  MLCT e x c i t e d  s t a t e  by t h e  
C l -  a n io n s  o r ,  a l t e r n a t i v e l y ,  t o  a  m ore e f f e c t i v e  
p o p u l a t i o n  o f  t h e  LF e x c i t e d  s t a t e  , b e c a u s e  o f  t h e  io n  
p a i r i n g  m echan ism .
The q u e n c h in g  e x p e r im e n t s  con duced  w i t h  t h e  
q u e n c h e rs  MV*25 and TCNB, w e re  n o t  c o n s id e r e d  t o  be  
s a t i s f a c t o r y  (com m ents i n  R e s u l t s ) .  In  a l l  t h e s e  
q u e n c h in g  e x p e r im e n t s  t h e r e  was an a t t e m p t  t o  c o r r e l a t e  
t h e  q u e n c h in g  o f  t h e  e m is s io n  w i t h  t h a t  o f  t h e  
p h o t o s u b s t i t u t i o n  r e a c t i o n s .  N e v e r t h e l e s s ,  no
s i g n i f i c a n t  q u e n c h in g  o f  t h e  p h o t o s u b s t i t u t i o n  
r e a c t i o n s  w i t h  t h e  m e n t io n e d  q u e n c h e rs  was d e t e c t e d .  
P h o t o l y s i s  c a r r i e d  o u t  i n  t h e  a b s e n c e  o f  t h e  q u e n c h e rs  
g a v e  e s s e n t i a l l y  t h e  same r e s u l t s .
O xygen was t r i e d  a s  a  p o t e n t i a l  q u e n c h e r  o f  
t h e  p h o t o s u b s t i t u t i o n  p r o c e s s e s . I n s t e a d  o f  g e t t i n g  a 
d e c r e a s e  i n  t h e  p r o g r e s s  o f  t h e  p h o t o s u b s t i t u t i o n
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r e a c t i o n ,  an u n e x p e c te d  b e h a v i o r  was o b s e r v e d ;  t h i s  
b e h a v i o r  i s  d is c u s s e d  l a t e r .
The  p h o t o r e a c t i v i t y  o f  C R u ( b ip y ) 2 (e n )3 " 1"2  
i n  CH3 CN a t  2 9 8  K i n  t h e  p r e s e n c e  o f  A g *  c a t i o n  was  
s t u d i e d .
The p r o c e s s  by  w h ic h  A g *  q u e n c h e s  t h e  
lu m in e s c e n t  s t a t e  o f  CRu < b ip y )  3 3'''2  had been  
p r e v i o u s l y  s t u d i e d * 2  , b u t  t h e  a n a l y s i s  o f  t h e  
o b s e r v e d  k i n e t i c s  i n d i c a t e d  th a t ,  m ost l i k e l y  t h e  
o b s e r v e d  p h o t o s u b s t i t u t i o n  r e a c t i o n s  d i d  n o t  o r i g i n a t e  
f ro m  t h a t  l u m in e s c e n t  e x c i t e d  s t a t e .  In  t h e  p r e s e n t  
s t u d y ,  i t  was c o n s id e r e d  t o  be w o r t h w h i l e  t o  
i n v e s t i g a t e  t h e  p h o to c h e m ic a l  b e h a v i o r  o f
CRu ( b i p y )  z  (e n )  H"1"2 u n d e r  s i m i l a r  e x p e r im e n t a l  
c o n d i t i o n s  i n  o r d e r  t o  t e s t  t h e  e f f e c t i v e n e s s  o f  t h e  
a s s u m p t io n s  i n v o l v e d  i n  t h e  m o d e ls  used  t o  d e s c r i b e  t h e  
p h o t o p h y s ic s  and t h e  p h o t o c h e m is t r y  o f  p o l y p y r i d i n e  
r u t h e n i u m ( I I )  c o m p le x e s  . I t  was c o n s id e r e d  t h a t  t h e  
p o t e n t i a l  c a t a l y t i c  e f f e c t  o f  A g *  i n  t h e  
p h o t o c h e m is t r y  w o u ld  b e  r e l a t e d  t o  a  d e c r e a s e  i n  t h e  
e f f i c i e n c y  o f  r i n g  c l o s u r e .
E x t e n s i v e  p h o t o l y s i s o f  C R u ( b i p y ) z ( e n ) U * 2
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i n  s o l u t i o n s  o f  d i f f e r e n t  c o n c e n t r a t i o n s  o f  AgNOs i n  
CH3 CN a t  2 9 8  K l e d  t o  a  f i n a l  a b s o r p t i o n  s p e c tr u m
w i t h  a  maximum l o c a t e d  a t  4 2 5  nm, and w i t h  a  m o la r
a b s o r p t i o n  c o e f f i c i e n t  ( 9 , 3 0 0  M- 1cm- 1 ) a t  t h a t  
w a v e le n g t h  ; t h e  c o r r e s p o n d in g  l i t e r a t u r e  v a l u e  o f  t h e  
m o la r  a b s o r p t i o n  c o e f f i c i e n t  o f  t h e  com plex
CRu ( b i p y )  3 (CH3 CN) ^ 3 * ^  i s  8 , 9 5 0  M - 'c m - 1
1252. W i t h i n  e x p e r i m e n t a l  e r r o r  t h e s e  r e s u l t s
c h a r a c t e r i z e  t h e  co m p lex  C R u (b ip y )^ (C H s C N )
t o  be  t h e  f i n a l  p h o t o s u b s t i t u t i o n  p r o d u c t  .
T he  e x t e n t  o f  t h e  q u e n c h in g  o f  t h e  lu m in e s c e n t
s t a t e  o f  t h e  com plex  i n  CH^CN a t  2 9 8  K b y  AgN0s was
d e t e r m in e d  ( T a b l e  X X X X I I I ) .  The  S t e r n  -  V o lm e r  p l o t  was 
c l e a r l y  n o t  l i n e a r ;  t h i s  o b s e r v a t i o n  was p r o b a b ly  
r e l a t e d  t o  t h e  g r e a t  c h a n g e s  t h a t  w e r e  in d u c e d  i n  t h e  
i o n i c  s t r e n g t h  o f  t h e  medium; t h e s e  e f f e c t s  a r e  
n o r m a l l y  d is c u s s e d  i n  a c c o r d a n c e  w i t h  m o d i f i e d  v e r s i o n s  
o f  t h e  D ebye  -  H u c k e l  r e l a t i o n s h i p ,  i n  w h ic h  t h e  
c o n s t a n t s  i n c l u d e d  i n  t h e  t h e o r e t i c a l  e x p r e s s i o n  a r e  
a d j u s t e d  e m p i r i c a l l y 1 3 1 , i n  o r d e r  t o  g e t  , i f  t h e r e  
a r e  n o t  m ore phenom ena i n v o l v e d ,  a  1 i n e a r i t y  i n  t h e  
S t e r n  -  V o lm e r  p l o t  . T h e s e  c o r r e c t i o n s  w e re  n o t  made. 
T h e r e  a r e  tw o  k in d s  o f  l u m in e s c e n t  q u e n c h in g  : 
i )  n o rm a l d i f f u s i o n a l  o r  d y n a m ic  q u e n c h in g ;  i i )
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a s s o c i a t i o n a l  o r  s t a t i c  q u e n c h in g  i n  w h ic h  t h e  d o n o r  
and t h e  q u e n c h e r  fo r m  a  non -  l u m in e s c e n t  a s s o c i a t i o n  
p a i r  w h ic h  r e d u c e s  t h e  am ount o f  e x c i t a t i o n  e n e r g y  
a b s o r b e d  b y  p o t e n t i a l l y  lu m in e s c e n t  s p e c i e s .  N o r m a l l y ,  
t h e  f a c t  t h a t  a  p a r t i c u l a r  q u e n c h in g  i s  n o t  s im p ly  
d i f f u s i o n a l ,  a s  i t  i s  i n  t h e  c a s e s  o f  m ost m e ta l  
c o m p le x e s ,  i s  d e t e c t e d  b y  an u p w ard  c u r v a t u r e  i n  t h e  
e x p e r i m e n t a l  S t e r n  -  V o lm e r  p l o t  o f  t h e  u n c o r r e c t e d  
d a t a .  One o f  t h e  b e s t  ways t o  d e c i d e  i f  s t a t i c  
q u e n c h in g  i s  r e a l l y  o p e r a t i v e  i n  a  p a r t i c u l a r  s y s te m ,  
i s  t o  quench  b o th  t h e  l u m in e s c e n t  l i f e t i m e  and e m is s io n  
i n t e n s i t y  ; i f  b o t h  q u e n c h in g s  a r e  o b s e r v e d  t o  b e h a v e  
s i m i l a r l y ,  i t  can  be  d e m o n s t r a t e d  t h a t  t h e  q u e n c h in g  o f  
t h e  e m i t t i n g  s t a t e  o c c u r s  o n l y  b y  a  d y n a m ic ,  d i f f u s i o n  
-  c o n t r o l l e d  p r o c e s s ,  and t h e  p o s s i b i l i t y  o f  s t a t i c  
q u e n c h in g  i s  r u l e d  o u t  b e c a u s e  s t a t i c  q u e n c h in g  w o u ld  
a f f e c t  o n l y  t h e  e m is s io n  i n t e n s i t y  and n o t  t h e  
l u m in e s c e n t  1 i f e t i m e 13* .  I t  h a s  a l s o  b ee n  fo u n d  t h a t  
t h e  v a l u e  o f  t h e  S t e r n  -  V o lm e r  c o n s t a n t ,  KBV , 
a d e q u a t e l y  c o r r e c t e d ,  shows a  d e c r e a s e  w i t h  i n c r e a s i n g  
i o n i c  s t r e n g t h ;  t h i s  e f f e c t ,  r e p o r t e d  by  F u j i t a  and  
K o b a y a s h i133  was t a k e n  t o  be  e v i d e n c e  f o r  s t a t i c  
q u e n c h in g ,  s i n c e ,  i o n i c  s t r e n g t h  i n f l u e n c e s  t h e  
a s s o c i a t i o n  c o n s t a n t  o f  t h e  io n  p a i r 13* .  H o w e v e r ,  t h e  
i o n i c  s t r e n g t h  s h o u ld  a l s o  be  e x p e c t e d  t o  i n f l u e n c e  t h e
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r a t e  c o n s t a n t  b e tw e e n  tw o  i o n i c  s p e c i e s  i n  t h e  same way;  
t h e r e f o r e  t h e  m ere  d e p e n d e n c e  o f  Ks v  on i o n i c  s t r e n g t h  
c a n n o t  r e a l l y  d i s c r i m i n a t e  b e tw e e n  t h e  s t a t i c  and t h e  
d y n a m ic  m ech a n is m s .
The  c o r r e c t i o n  o f  t h e  o b s e r v e d  q u e n c h in g  o f  
t h e  i n t e n s i t y  o f  t h e  e m is s io n  o f  CRu ( b i p y ) z (e n )  
f o r  t h e  a b o v e  m e n t io n e d  i o n i c  s t r e n g t h  e f f e c t s  was n o t  
d on e  b e c a u s e  no l i f e t i m e  m eas u rem en t c o u ld  b e  d on e  a t  
t h i s  t i m e  b e c a u s e  t h e  e q u ip m e n t  was n o t  a v a i l a b l e  a t  
t h e  t i m e  t h e s e  e x p e r im e n t s  w e re  u n d e rw a y .  I n  a n y  c a s e ,  
no s t a t i c  q u e n c h in g  was assumed t o  be  p r e s e n t .
A t  l e a s t ,  an  e s t i m a t i o n  , o f  t h e  o b s e r v e d  
r a t i o s  o f  e m is s io n  i n t e n s i t i e s  ( I D/ I )  was made ; t h e  
" c o r r e c t i o n "  was e v a l u a t e d  i n  t h e  f o l l o w i n g  way : KBV 
h a s  been  d e t e r m in e d  f o r  t h e  q u e n c h in g  o f  t h e  e m is s io n  o f  
C R u ( b i p y ) i n  CH3 CN b y  AgN03 ; v a l u e s  o f  Ks v  
a b o u t  0 . 1  M- 1  h a v e  b e e n  o b t a i n e d 1520. I f  t h e  same  
v a l u e  o f  Kb v  i s  assum ed i n  t h e  c a s e  o f
C R u ( b ip y ) z (e n )  I * 3 , ( I 0 / I ) v a l u e s  c o u ld
b e  o b t a i n e d ,  f r o m  t h e  e x p r e s s i o n ,
( I 0 / I )  ..t=CJ1_1_.. =  1 + 0 . 1  C A g *3
T h e s e  c a l c u l a t i o n s  w e re  m ade; T a b l e  X X X X I I I
g i v e s  v a l u e s  o f  ( I „ / I ) „ c o rP  - . U n d o u b t e d l y ,  a l t h o u g h
t h e  v a l u e  o f  Ke»v- may d i f f e r ,  t h e  v a l u e s  c a l c u l a t e d ,  i f
2 6 8
p l o t t e d ,  w o u ld  g i v e  a  p e r f e c t l y  l i n e a r  S t e r n  -  V o lm e r  
p l o t .
P h o t o l y s i s  o f  C R u ( b ip y ) z ( e n ) D - 2  i n  0 . 4 0  
and 0 . 8 0  M s o l u t i o n s  o f  AgN03 i n  CH3 CN w e re  c a r r i e d  
o u t .  T h e  r e s p e c t i v e  p h o t o s u b s t i t u t i o n  quantum  y i e l d s  
t h a t  w e re  e v a l u a t e d  , 0 . 0 4 . 1 0 _:z and 0 . 0 5  . 1 0 _=%
w e re  q u i t e  lo w .  M o r e o v e r ,  a  v a l u e  o f  a b o u t  0 . 0 0 0 3  h as  
b ee n  r e p o r t e d  f o r  t h e  p h o t o s u b s t i t u t i o n  quantum  y i e l d  
o f  C R u (b  i  p y i n  0 . 8  M AgN03  s o l u t i o n  i n  
CH3 CN .
T h e s e  quantum  y i e l d s  o f  p h o t o s u b s t i t u t i o n  w e re  
d e t e r m in e d  b y  t h e  u s e  o f  t h e  a v a i l a b l e  p ro g ra m  
d e s c r ib e d  i n  t h e  E x p e r im e n t a l  S e c t i o n .  The  
d i s a p p e a r e n c e  o f  C R u ( b ip y ) 2 ( e n ) D - 2 and t h e  
g e n e r a t i o n  o f  t h e  f i n a l  p h o t o p r o d u c t  w e re  f o l l o w e d  by  
means o f  a b s o r p t i o n  s p e c t r o s c o p y  ( b o t h  w e re  m o n i to r e d  
a t  4 9 0  n m ) . A l th o u g h  e x t e n s i v e  p h o t o l y t i c  i r r a d i a t i o n  
showed t h a t  i s o s b e s t i c  p o i n t s  w e re  m a i n t a in e d  
t h r o u g h o u t  t h e  r e a c t i o n  and t h a t ,  a f t e r  p r o lo n g e d  
i r r a d i a t i o n  t i m e s ,  t h e  f i n a l  p h o t o s u b s t i t u t i o n  o c c u r r e d  
w i t h  h ig h  c h e m ic a l  y i e l d  (a lm o s t  100  7.) , t h e  e v a l u a t e d  
quantum  y i e l d s  w e re  e x t r e m e l y  lo w .  In  t h e  a b s e n c e  o f  
A g -  , t h e  p h o t o l y s i s  was fo u n d  t o  f o l l o w  a  d i f f e r e n t  
p a t h  t h a t  l e d  t o  a n o t h e r  f i n a l  p h o t o p r o d u c t  ( w i t h  a
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maximum i n  i t s  a b s o r p t i o n  s p e c t r u m  l o c a t e d  a t  4 5 5  n m ) .
F o r  p u r p o s e s  o f  in d e p e n d e n t  t e s t i n g  , e m is s io n
i n t e n s i t i e s  o f  t h e  s a m p le s  t h a t  w e re  u se d  i n  t h e  
p h o t o l y s i s  e x p e r im e n t s  p r e v i o u s l y  d is c u s s e d  w e re  
d e t e r m in e d ;  t h e  r a t i o s  o f  t h e  i n t e n s i t i e s  o f  s a m p le s  
w i t h  and w i t h o u t  A g *  w e re  e v a l u a t e d  and com pared  w i t h  
t h e  r e s u l t s  f ro m  t h e  a l r e a d y  a v a i l a b l e  d a t a  f o r  t h e  
q u e n c h in g  o f  t h e  e m is s io n  o f  C R u ( b ip y ) z (e n )
( T a b l e  X X X X I 1 I ) .  H o w e v e r ,  i t  was t h e n  n o te d  t h a t  t h e  
c o u r s e  o f  t h e  p h o t o l y s i s  w i t h ,  and w i t h o u t  A g%  
f o l l o w e d  d i f f e r e n t  m ech an ism s; t h u s  t h e  c o m p a r is o n  o f  
t h e  quantum  y i e l d s  o f  p h o t o s u b s t i t u t i o n  t h a t  w e re
d e t e r m in e d  by  tw o  d i f f e r e n t  p r o c e d u r e s  was m e a n in g le s s .
An a d d i t i o n a l  p h o t o l y s i s  e x p e r im e n t  was
c o n d u c te d  . C R u ( b ip y ) 2 ( e n ) 3 * = ,  d i s s o l v e d  i n  0 . 4 0  M 
AgN03 s o l u t i o n  i n  CH3 CN w h ic h  c o n t a i n e d  i n
a c o n c e n t r a t i o n  s u f f i c i e n t  t o  quench m ore t h a n  9 0  7. o f  
t h e  e m is s io n  f ro m  t h e  ̂ MLCT was s u b j e c t e d  t o
p h o t o l y t i c  i r r a d i a t i o n .  T h i s  e x p e r im e n t  was done  
b e c a u s e  Ag~ i s  c a p a b le  o f  q u e n c h in g  t h e  MLCT e x c i t e d  
s t a t e  o f  CRu ( b i p y )  b y  e l e c t r o n  -  t r a n s f e r ,  i n
b o t h ,  a q u eo u s  and n o n aq u eo u s  s o l u t i o n s 1350. 
R e f e r e n c e 132 s t a t e s  t h a t  a l t h o u g h  t h e  e l e c t r o n
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t r a n s f e r  o c c u r s ,  t h e r e  i s  a  r a p i d  b a c k  r e a c t i o n  b e tw e e n  
t h e  r e d u c e d  s i l v e r  a tom  and t h e  o x i d i z e d  m e ta l  c o m p le x .  
As a  r e s u l t ,  t h e  f o l l o w i n g  n e t  p h o t o s u b s t i t u t i o n
r e a c t i o n
hv
R u ( b i p y ) 2 ( e n ) 1~=+2CH3 CN— > CRu( b i  p y ) * ( CH3 CN) 2 3 * = + e n
A g *
c o u ld  o c c u r  b y  a  p a t h  i n  w h ic h  t h e  o x i d i z e d  
p r o d u c t  C R u ( b i p y ) = ( e n ) w o u l d  b e  an i n t e r m e d i a t e .
I t  i s  p e r t i n e n t  t o  r e c a l l  t h a t  q u a l i t a t i v e  o b s e r v a t i o n s
o f  t h e  f o r m a t i o n  o f  Ag0 d u r i n g  t h e  p h o t o l y s i s  w e re
made; c o n s e q u e n t l y ,  a  re d o x  p r o c e s s  w o u ld  be  
r e a s o n a b l e .
The  p h o t o l y s i s  e x p e r im e n t ,  i n  w h ic h  MV"~Z was 
p r e s e n t  r u l e d  o u t  t h e  p o s s i b i l i t y  o f  a  d i r e c t  
i n v o l v m e n t  o f  C R u ( b ip y ) 3 ( e n ) 3 - 3 i n  t h e  
p h o t o s u b s t i t u t i o n  ; h o w e v e r ,  t h e  a l r e a d y  o b s e r v e d
p h o t o p r o d u c t  c o u ld  s t i l l  be  d e t e c t e d  ( t h e  quantum  
y i e l d  o f  p h o t o s u b s t i t u t i o n  was e v a l u a t e d  t o  be  
< 1. 10- = ) .
The e x p e r im e n t a l  o b s e r v a t i o n s  c o u ld  p r o v i d e  a
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b a s i s  f o r  a  schem e f o r  some o f  t h e  p r i n c i p a l  s t e p s  i n  
t h e  m echan ism  t h a t  i s  p r o b a b ly  i n v o l v e d  i n  t h e  
p h o t o s u b s t i t u t i o n  r e a c t i o n  . N e v e r t h e l e s s ,  f u r t h e r  
r e s e a r c h  i s  n e c c e s a r y  b e f o r e  a  f i n a l  and  s a t i s f a c t o r y  
c o n c lu s io n  can  b e  r e a c h e d  . The  p r o p o s e d  schem e, i s  
p r e s e n t e d  b e lo w  .
hv
CRu ( b i p y ) z  (e n )  -»CRu ( b i p y )  =. (e n )  1 * ^  (MLCT)
C R u ( b i p y ) = ( e n ) ( M L C T ) + A g - - * C R u ( b i p y ) 3 ( e n ) A g °
C R u ( b i p y ) z ( e n ) ( M L C T )  > C R u ( b i p y ) z ( e n ) ( L F )
C R u ( b i p y ) 2 ( e n ) ( L F )   >  I
I  +  Ag-*------------- ^CRu ( b i p y )  2 (CH3 CN) z ] * 2  + A g ( b i p y ) ^
CHsCN
w h e re  I ,  r e p r e s e n t s  o n e  o r  b o t h  o f  t h e  s p e c ie s  
d e s c r ib e d  b e lo w .
I  =  C R u ( b i p y ) z ( e n ’ ) ,  o r
I  =  C R u ( b ip y ) 3 ( e n ' ) (CH3 C N ) ] * =
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( e n '  h a s  o n e  a m in e  f r e e  t h a t  h a s  been  
d i s s o c i a t e d  f ro m  t h e  m e t a l l i c  c e n t e r ) .
E i t h e r  o f  t h e  s p e c ie s  assum ed t o  b e  t h e  
i n t e r m e d i a t e ,  I  , c o u ld  t h e n  r e v e r t  t o  t h e  g ro u n d  
s t a t e  o f  t h e  s t a r t i n g  co m p le x  o r  c o u ld  r e a c t  w i t h  A g *  
t o  o b t a i n  t h e  c o m p le t e  l o s s  o f  t h e  i n i t i a l  en  l i g a n d .
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E x t e n s i v e  p h o t o l y s e s  o f  t h e  c o m p le x e s  
C R u ( b i p y ) z ( e n ) I * 3 and C R u ( b ip y ) = ( t n ) I -*"3 i n  t h e  
a b s e n c e  o f  Cl-  i n  d i f f e r e n t  s o l v e n t s  w e re  d o n e .  
E x t e n s i v e  p h o t o l y t i c  i r r a d i a t i o n  o f  t h e  c o m p le x e s  
CRu ( b i p y )  z  (e n )  D"-3 and C R u ( b ip y ) z ( t n ) 3 * 3 , i n  t h e  
s o l  v e n t s  CH3CN, HzO, and CHzClz, i n  t h e  a b s e n c e  
o f  Cl~, a s  a  p o s s i b l e  c o o r d i n a t i n g  s p e c i e s ,  w e r e  a l s o  
e x a m in e d  ( F i g u r e s  4 0 , 4 1 , 4 2 , 4 3 , 4 4 , and 4 5 ) . The  g o a l  was t o  
e s t a b l i s h  , a t  l e a s t  q u a l i t a t i v e l y ,  t h e  b e h a v i o r s  o f  
t h o s e  c o m p le x e s  i n  t h o s e  s o l v e n t s  i n  o r d e r  t o  d e t e c t  a  
p o s s i b l e  c o o r d i n a t i o n  o f  s o l v e n t  m o le c u le  t o  t h e  
m e t a l l i c  c e n t e r .  Such a  s o l v e n t  c o o r d i n a t i o n  c o u ld  
i n t e r f e r e ,  i f  i t  w e re  c o m p e t i t i v e ,  w i t h  t h e  p h o t o l y s i s  
o f  t h o s e  c o m p le x e s  i n  w h ic h  t h e r e  i s  c o o r d i n a t i o n  o f  
t h e  good c o o r d i n a t i n g  a n i o n ,  Cl- .
The e x t e n s i v e  p h o t o l y s i s  o f
C R u ( b ip y ) z ( e n ) 1 ~3 i n  p u r e  CH3 CN l e d  t o  a  f i n a l  
a b s o r p t i o n  s p e c t r u m  w i t h  a  maximum l o c a t e d  a t  4 2 5  nm, 
and a  m o la r  a b s o r p t i o n  c o e f f i c i e n t  o f  6 , 5 0 0  l i - 1cm-1  
( F i g u r e  4 0 ) .  The  r e p o r t e d  a b s o r p t i o n  s p e c t r u m  o f  t h e  
co m p lex  CRu ( b i p y )  z  (CH3CN) 133  h a s  a
\  m«x a t  4 2 5  nm, and a 8 , 5 9 0  M- 1cm-1  m o la r
a b s o r p t i o n  c o e f f i c i e n t  a t  t h a t  w a v e le n g t h  .
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Th e  f o u r  -  e l e c t r o n  o x i d a t i o n  o f  
e t h y l e n e d i  a m in e  t o  d  , d  ’ d i  i n l in e  (d im )  h a s  been  
o b s e r v e d  i n  t h e  c a s e s  o f  t h e  c o m p le x e s  
CRu (p h e n )  z  ( e n ) D * 3 1 3 1 , t r i  s  ( e t h y l  e n e d i  a m in e )  r u t h e n iu m  ( I I )  
1 and t e t r a c y a n o  -  e t h y l e n e d i a m i n e f e r r a t e ( I I ) 1 3 0 .
I n  e a c h  c a s e  t h e  o x i d i z e d  l i g a n d  r e m a in s  c o o r d i n a t e d  
i n  t h e  m e ta l  c o m p le x .
The  p r o d u c t  o f  e x h a u s t i v e  e l e c t r o l y s i s  o f  
a c e t o n i t r i l e  s o l u t i o n s  o f  CRu ( b i p y )  = ( e n )  D'*’3  h a s  
b ee n  c h a r a c t e r i z e d  b y  s p e c t r a l  and e l e c t r o c h e m i c a l  
m e a s u re m e n ts ,  t o  be  C R u ( b ip y ) a ( d i m ) I - 3 1== . i t  
h a s  been  s u g g e s te d  t h a t  t h i s  o x i d a t i v e  d e h y d r o g e n a t io n  
o f  t h e  c o o r d i n a t e d  e t h y l e n e d i a m i n e  l i g a n d  i n  t h e  c a s e  
o f  Ru c o m p le x e s  may be  i n i t i a t e d  by  o x i d a t i o n  o f  t h e  
m e ta l  t o  R u ( I I I ) 1 3 1 .
The n e t  s t o i c h i o m e t r y  o f  t h e  o x i d a t i o n  was 
d e s c r i b e d  b y  t h e  r e a c t i o n  s
NHz— CH= -  4 e
( b ip y ) z R u
\
NH —  CH
( b i p y )  zRu
\
+  4H H
NHZ —  CH=2 N H = .C H
T h i s  o x i d a t i o n  p r o c e s s  was c o n s id e r e d  t o  
c o n s i s t  o f  tw o  s e q u e n t i a l  s t e p s  : i n i t i a l  o x i d a t i o n  o f  
t h e  m e ta l  t o  R u ( I I I ) ,  f o l l o w e d  by  o x i d a t i o n  o f  t h e
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c o o r d i n a t e d  l i g a n d
C R u ( b i p y ) e ( e n ) I - 2 ---------» C R u ( b i p y ) 3 ( e n ) 1 * *
3 e
C R u ( b i p y ) z ( e n ) 3- 3 » C R u ( b i p y ) z ( d i m ) + 4  H *
S p e c t r o p h o t o m e t r i c  t i t r a t i o n s  , i n  w h ic h  t h e
a b o v e  d e s c r ib e d  d e h y d r o g e n a t io n  r e a c t i o n s  c o u ld  be  
f o l l o w e d  i n  f u r t h e r  d e t a i l ,  by  means o f  t h e  u s e  o f  
C e ( I V )  w h ic h  was r e d u c e d  t o  C e ( I I I )  d u r i n g  t h e  c o u r s e  
o f  t h e  t i t r a t i o n ,  h a v e  a l s o  been  d o n e 12® . T h e se  
s t u d i e s  i n d i c a t e d  t h a t  t h e  n e t  s t o i c h i o m e t r y  o f  t h e  
o x i d a t i o n  c o u ld  b e  f u r t h e r  b r o k e n  down i n  tw o  s t e p w is e  
p r o c e s s e s  t h a t  a r e  shown b e lo w  . The  f i r s t  s t e p  
i n v o l v e s  t h e  o x i d a t i o n  t o  a  m o n o im in e  i n t e r m e d i a t e ,  and  
t h e  seco n d  s t e p  i n v o l v e s  t h e  o x i d a t i o n  o f  t h e  m ono im ine  
t o  t h e  f i n a l ,  s t a b l e ,  ° f  -  P f ’ d i i m i n e .
2e
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H H  CH -  2 e  NH =  CH/  / /  /
( b ip y ) z R u  /   ► ( b i p y )  z Ru /  + 2HH
\  /  \  /
NHZ — CHZ NH =  CH
The a b s o r p t i o n  s p e c t r u m  o f  t h i s  c o m p le x ,
C R u ( b i p y ) = ( d i m ) , d i s s o l v e d  i n  CH3 CN h a s  a
maximum l o c a t e d  a t  4 5 4  nm, and a  m o la r  a b s o r p t i o n
c o e f f i c i e n t  o f  1 4 , 0 0 0  M- 1 cm_1 F u r t h e r
e x p e r im e n t s  s h o u ld  be done  t o  p r o p e r l y  c h a r a c t e r i z e
t h e  p r o d u c t  p h o t o g e n e r a t e d  i n  t h i s  w o rk .  T h i s  p r o d u c t
c o u ld  be CRu ( b i p y ) = (d im )  I""3 w h ic h  was p r o d u c e d  w i t h  
a lo w  c h e m ic a l  y i e l d .
The  e x t e n s i v e  p h o t o l y s i s  o f
CRu ( b i p y )  z  (e n )  H *52 i n  Hz 0  ( F i g u r e  4 1 ) ,  seems t o
r u l e  o u t  t h e  f o r m a t i o n  o f  C R u ( b ip y ) z ( H 2 0 ) z  
a s  a  f i n a l  p h o t o s u b s t i t u t i o n  p r o d u c t ,  b e c a u s e  t h i s  l a s t  
co m p lex  h a s  a A l o c a t e d  a t  4 8 0  nm13* .
H o w e v e r ,  t h e  f o r m a t i o n  o f  a  s p e c ie s  w i t h  an a b s o r p t i o n  
s p e c t r u m  i n  w h ic h  a  maximum o c c u r s  a t  4 4 5  nm was  
a p p a r e n t .  T h i s  f i n a l  p r o d u c t  c o u ld  p r o b a b ly  be
C R u ( b ip y ) 2 ( d i m ) 3 * ^  , o r ,  a l t e r n a t i v e l y ,
C R u (b ip y > z ( e n ’ ) (H 3 0 ) I * 3 , t h e  f i r s t  p r o d u c t  o f  t h e  
p h o t o s u b s t i t u t i o n  r e a c t i o n .
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T h e  e x t e n s i v e  p h o t o l y s i s  o f
CRu ( b i p y ) z  (e n )  I -*-52 i n  p u r e  CHZC1Z ( F i g u r e  4 2 )  
p ro d u c e d  a  r e a c t i o n  o f  t h e  s t a r t i n g  c o m p le x ,  e v e n  when 
i t  was d i s s o l v e d  i n  t h i s  r e c o g n iz e d  non -  c o o r d i n a t i n g  
s o l v e n t  . Q u a l i t a t i v e l y ,  a  maximum i n  t h e  a b s o r b a n c e  o f  
t h i s  s p e c i e s  was d e t e r m in e d  t o  b e  l o c a t e d  a t  4 7 2  nm. No 
e x p l a n a t i o n  i s  c u r r e n t l y  a v a i l a b l e  f o r  t h i s  o b s e r v e d  
r e a c t i o n ,  a l t h o u g h  t h e  o x i d a t i o n  o f  t h e  1 ig a n d  , en , 
v i a  an e l e c t r o n  -  t r a n s f e r  p h o to c h e m ic a l  r e a c t i o n  
c a n n o t  be  e l i m i n a t e d .  Such an i n t r a m o l e c u l a r  p h o to  -  
re d o x  p r o c e s s  w o u ld  e v e n t u a l l y  i n v o l v e  t h e  r e d u c t i o n  o f  
t h e  m e ta l  c e n t e r  t o  R u ( I )  by  a  LMCT t r a n s i t i o n .  An 
i n t e r e s t i n g  f a c t  i s  t h a t  f o r  a  c o n f i g u r a t i o n  d -7 m e ta l  
i o n ,  t h e  num ber o f  lu m in e s c e n c e  s t u d i e s  t h u s  f a r  
c o m p le te d  i s  s m a l l ,  and  v e r y  fe w  r e p o r t s  o f  e m is s io n  o f  
c o m p le x e s  o f  d -7 m e ta l  io n s  i n  s o l u t i o n  e x i s t .  T h i s  
r e s u l t  i s  d i f f e r e n t  t h a n  t h a t  f o r  c o m p le x e s  h a v in g  a  
m e ta l  w i t h  a  c o n f i g u r a t i o n  d 6  f o r  w h ic h  many 
e m is s io n s  a r e  r e p o r t e d .  R e p o r te d  e m is s io n  o f  some 
c o m p le x e s  o f  C o ( I I ) ,  doped i n t o  MgFs , o r  ZnF=
1 3 3 . i s o  w e re  u n iq u e  c o n t r i b u t i o n s  ; t h e  e m is s io n s  
w e r e  l o s t  i n  s o l u t i o n .  L a t e r , 1 umi n e s c e n c e  f o r
CCoCl 4 and ECo (H^O) & ] we r e  o b s e r v e d 1
b u t  f o r  an e m is s io n  t o  o c c u r ,  i t  was s t a t e d  t h a t  t h e r e
m ust be  e l e c t r o n  -  h o l e  r e c o m b i n a t i o n  p r o c e s s  i n  o r d e r
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t o  e x p l a i n  such  an u n u s u a l  b e h a v i o r .
I n  t h e  p r e s e n t  s t u d y ,  m e a s u re m e n ts  o f  t h e  
e m is s io n  i n t e n s i t y  o f  a  s a m p le  s u b j e c t e d  t o  p h o t o l y s i s ,  
C R u ( b ip y ) z ( e n ) I * 3  d i s s o l v e d  i n  CHzClz, w e re  
p e r i o d i c a l l y  made and w e re  com pared  w i t h  t h e  e m is s io n  
o f  t h e  s a m p le  b e f o r e  t h e  b e g in n in g  o f  t h e  p h o t o l y t i c  
i r r a d i a t i o n .  Q u a l i t a t i v e l y ,  a  c o n t in u o u s  d e c r e a s e  i n  
t h e  e m is s io n  i n t e n s i t y  was fo u n d  a s  t h e  t h e  p h o t o l y s i s  
a d v a n c e d .  No c h a n g e  i n  t h e  s h a p e  o f  t h e  o r i g i n a l  
s p e c t r u m  was d e t e c t e d .  T h e r e  was no s h i f t s  i n  t h e  
maximum o f  e m is s io n  and no a p p e a r a n c e  o f  new  
t r a n s i t i o n s ;  o n l y  a  p r o g r e s s i v e  a p p a r e n t  q u e n c h in g  o f  
t h e  i n t e n s i t y  o f  t h e  e m is s io n  was o b s e r v e d .
T h e  e x t e n s i v e  p h o t o l y s i s  o f
C R u ( b i p y ) z ( t n ) d i s s o l v e d  i n  CH3 CN l e d  t o  a  
f i n a l  p h o t o p r o d u c t  w i t h  an a b s o r p t i o n  s p e c t r u m  
e x h i b i t i n g  a maximum l o c a t e d  a t  4 3 0  nm. I t s  m o la r  
a b s o r p t i o n  c o e f f i c i e n t  a g r e e d ,  w i t h i n  e x p e r i m e n t a l  
e r r o r ,  w i t h  t h a t  o f  t h e  co m p lex
C R u ( b ip y ) z (CH3 C N )2 ] + z  . T h e r e f o r e ,  t h e
f o r m a t i o n  o f  t h i s  f i n a l  com plex  was assum ed.
The  e x t e n s i v e  p h o t o l y s i s  o f
CRu ( b i p y ) z  ( t n ) I"*"3  i n  p u r e  HzO ( F i g u r e  4 4 )  l e d  t o
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a - f i n a l  p h o t o p r o d u c t  w i t h  an a b s o r p t i o n  maximum 
l o c a t e d  a t  4 8 0  nm ; t h i s  r e s u l t  i s  c h a r a c t e r i s t i c  o-f 
t h e  maximum a b s o r p t i o n  o f  t R u ( b i p y )  (Hz 0 )
P e r h a p s ,  a  f u l l  c o n v e r s i o n  was n o t  a c h ie v e d  e v e n  a f t e r  
10 h o u r s  o f  p h o t o l y t i c  i r r a d i a t i o n .  The  r e p o r t e d  m o la r  
a b s o r p t i o n  c o e f f i c i e n t  o f  t h a t  co m p lex  i s  8 , 5 0 0  
M_ 1 cm- : l 5 t h i s  v a l u e  i s  s u b s t a n t i a l l y  h i g h e r  t h a n  
t h a t  c a l c u l a t e d  w i t h  t h e  a s s u m p t io n  o f  a  100  7. c h e m ic a l  
y i e l d .  The  f i n a l  p h o t o p r o d u c t  was p r o b a b ly
CRu ( b i p y ) 3  (HzO) t h a t  was g e n e r a t e d  i n  lo w
c h e m ic a l  y i e l d .
T h e  e x t e n s i v e  p h o t o l y s i s  o f
C R u (b ip y )  z ( t n )  I -*-2 i n  p u r e  CHzClz, show ed, a g a in  
u n e x p e c t e d l y ,  t h e  o c c u r r e n c e  o f  some p h o t o d e g r a d a t io n  
o f  t h e  s t a r t i n g  c o m p le x .  Q u a l i t a t i v e l y ,  a  s p e c i e s  w i t h  
a maximum o f  a b s o r p t i o n  a t  481  nm was o b s e r v e d  t o  be  
fo r m e d .  Once m o re , some p a r t i a l  o x i d a t i o n  o f  t h e  
l i g a n d ,  t n  , p r o b a b ly  o c c u r r e d  . H o w e v e r ,  a l t h o u g h  t h e  
o x i d a t i o n  o f  t h e  l i g a n d  t o  g i v e  t h e  f i r s t  im in e  
i n t e r m e d i a t e  ,
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might be probable, this species has been 
reported to be unstable with respect to -further 
oxidation at the imine site13*;
CRu (bipy) z (tn) I-4"3 , does not give, as a consequence, 
a stable -final <X - &  * diimine oxidation product.
At this point, it becomes pertinent to recal1 
that extensive photolysis o-f 0z saturated samples o-f 
CRu(bipy)= (en)I * 3 in a 0 . 0 1  M TEAC1 solution in
CHzC12 led to the detection o-f two species, one o-f 
which has an absorption maximum at 4 5 5  nm (probably 
CRu (bipy) z (dim) I-4-3), and the other has a maximum at 
5 4 0  nm (very likely, CRu(bipy)zDClz).
A d d i t i o n a l l y ,  a  p h o t o l y s i s  o-f
CRu ( b ip y )  z  (e n )  I -*"3 , d i s s o l v e d  i n  t h e  o x i d i x i n g
m edium , 0 . 0 5  M HzSCU, l e d  t o  a  - f i n a l  p h o t o p r o d u c t  
w i t h  a  - f i n a l  a b s o r p t i o n  s p e c t r u m  t h a t  had a maximum 
l o c a t e d  a t  4 5 2  nm; t h a t  i s ,  o n c e  m ore t h e r e  e x i s t s  t h e  
p o s s i b i l i t y  o-f p a r t i a l  g e n e r a t i o n  o f  a  co m p lex  w i t h  an  
o x i d i z e d  l i g a n d .  S o m e th in g  s i m i l a r  t o
C R u ( b ip y ) z ( d i m )  U4-3 seemed f e a s i b l e .  I n  b o t h  c a s e s ,  
t h e  r e a c t i o n s  w e re  n o t  t h e r m a l l y  in d u c e d ;  A r -
d e g a s s e d  s a m p le s  o f  t h e  d i s s o l v e d  co m p lex  i n  e ac h  medium  
w e re  k e p t  i n  d a r k n e s s  f o r  t h r e e  d a y s ,  and no c h a n g e  i n
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t h e i r  i n i t i a l  a b s o r p t i o n  s p e c t r a  was d e t e c t e d .
R e c e n t l y ,  a  c o r r e l a t i o n  b e tw e e n  t h e  quantum
y i e l d  -fo r  t h e  p h o t o s u b s t i t u t i o n  r e a c t i o n s  o b s e r v e d
■from s e v e r a l  CRu ( b i p y )  z L D - 2 c o m p le x e s  and  t h e  
e n e r g y  o f  t h e  lo w  -  t e m p e r a t u r e  (0  -  0 )  e m is s io n  (7 7
K, i n  1 : 1 ,  M eOH/EtO H, g l a s s )  was r e p o r t e d 12<b . T h a t
c o r r e l a t i o n  was fo u n d  t o  b e  1 i n e a r  and a p p e a r e d  t o  be  
c o n s i s t e n t  w i t h  t h e  e x c i t e d  s t a t e  model i n i t i a l l y
p ro p o s e d  by  W a t ts  and co  -  w o r k e r s 12-7. The  v a r i a t i o n s  
i n  p h o t o s u b s t i t u t i o n  quantum  y i e l d s  w e re  i n t e r p r e t e d  
m e r e ly  i n  t e r m s  o f  c h a n g e s  i n  t h e  e n e r g y  d i f f e r e n c e ,  A E  
b e tw e e n  t h e  e m i t t i n g  MLCT and t h e  t h e r m a l l y  p o p u la t e d  
LF (d -  d )  e x c i t e d  s t a t e s .  L a t e r ,  a  new s e t  o f
e x p e r im e n t a l  r e s u l t s  seemed t o  s u g g e s t  t h a t  t h e
d e s c r i p t i o n  p ro p o s e d  p r e v i o u s l y ,  i n  t h e  c a s e  o f
CRu ( b i p y ) ^ L I * 2  c o m p le x e s ,  was i n a d e q u a t e ,  o r  a t  
l e a s t ,  i n c o m p l e t e  i n  i t s  t r e a t m e n t  o f  p h o t o s u b s t i t u t i o n  
r e a c t i o n s 1 2 0 . S p e c i f i c a l l y ,  t h e  t e m p e r a t u r e
d e p e n d e n c e  o f  t h e  quantum  y i e l d  o f  t h e
p h o t o s u b s t i t u t i o n  p r o c e s s e s  o f  t h e  c o m p le x e s
CRu ( b i p y )  = (p y )  and C R u C b ip y la tC H s C N )^ ]-* -32
a s  w e l l  a s  t h e  t e m p e r a t u r e  d e p e n d e n c ie s  e x h i b i t e d  by  
t h e  lu m in e s c e n t  l i f e t i m e s  w e re  e x a m in e d .  D i f f e r e n t
t e m p e r a t u r e  d e p e n d e n c ie s  b e tw e e n  t h e  l u m in e s c e n t  l i f e t i m e s
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and t h e  p h o t o s u b s t i t u t i o n  quantum  y i e l d s  o f  t h o s e  c o m p le x e s  
w e re  o b s e r v e d  i n  e a c h  c a s e . T h e r e f o r e ,  i t  was c o n c lu d e d  
t h a t  t h e  o b s e r v e d  p h o t o s u b s t i t u t i o n  r e a c t i o n s  o f  
CRu ( b i p y )  z L l""3  c o m p le x e s  w e re  n o t  a  s i m p l e  r e s u l t  
o f  t h e r m a l  p o p u l a t i o n  o f  a  LF e x c i t e d  s t a t e .  The  
p r o b a b le  in v o lv e m e n t  o f  some LF e x c i t e d  s t a t e  w as s t i l l  
a c c e p t e d .  I t  was s p e c u l a t e d  t h a t  t h e  r e a l  e x c i t e d  s t a t e  
a s s o c i a t e d  w i t h  t h e  p h o t o s u b s t i t u t i o n  p r o c e s s e s  s h o u ld  
be d i f f e r e n t  f ro m  t h a t  d i r e c t l y  a s s o c i a t e d  w i t h  t h e  
l u m in e s c e n t  s t a t e  t h a t  p r o v i d e s  one  a v a i l a b l e  e n e r g y  
d e g r a d a t i o n  p a th w a y  . W hat was e v e n  m ore i m p o r t a n t ,  was  
t h e  i d e a  t h a t  t h e r e  c o u ld  b e  d i r e c t  p o p u l a t i o n  o f  t h e  
p h o t o r e a c t i v e ,  LF e x c i t e d  s t a t e  t h a t  w o u ld  be  
c o m p e t i t i v e  w i t h  t h e  p o p u l a t i o n  o f  t h e  e m i t t i n g  MLCT 
e x c i t e d  s t a t e  i:zs . H o w e v e r ,  no c o n s i d e r a t i o n s  o f  t h e  
g e n e r a t i o n  and f u r t h e r  b e h a v i o r  o f  t h e  p e n t a c o o r d i n a t e  
i n t e r m e d i a t e  co m p lex  , ( I )  , p o s t u l a t e d  t o  be  fo rm e d  ,
i n  a c c o r d  w i t h  t h e  g e n e r a l  m odel o f  p h o t o s u b s t i t u t i o n  
o f  p o l y p y r i d i n e  r u t h e n i u m ( I I ) c o m p le x e s  was m ade. No 
a n a l y s i s  o f  p o s s i b l e  e f f e c t s  a s s o c i a t e d  w i t h  r e c l o s u r e  
o f  t h e  c h e l a t e  r i n g  was s u g g e s t e d .
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I n  t h e  p r e s e n t  w o r k ,  many o b s e r v a t i o n s  o-f t h e  
e f f e c t  o f  c h e l a t e  r i n g  s i z e  on t h e  p r o g r e s s  o f  t h e  
p h o t o s u b s t i t u t i o n  r e a c t i o n s  o f  C R u ( b ip y ) ZL 
c o m p le x e s  w e re  m ade, and many s p e c u l a t i o n s  a b o u t  t h e  
b e h a v i o r  o f  t h e  p o s t u l a t e d  p e n t a c o o r d i n a t e
i n t e r m e d i a t e  ( I )  o f  s e v e r a l  c o m p le x e s  h a v e  been  made.
N e x t ,  t h e  r e s u l t s  o b s e r v e d  d u r i n g  t h e  
p h o t o l y s i s  o f  t h e  c o m p le x e s  C R u ( b i p y ) = ( e n ) a n d  
CRu ( b i p y )  = ( t n )  I " -3 a r e  d i s c u s s e d .  The  p h o to c h e m ic a l  
s t u d i e s  o f  t h e s e  tw o  c o m p le x e s  w e re  s i m i l a r  i n  t h e  
s e n s e  t h a t  t h e  f i r s t  p h o t o s u b s t i t u t i o n  p r o d u c t  c o u ld  
n o t  be  o b s e r v e d .
The  m o la r  a b s o r p t i o n  c o e f f i c i e n t s  o f  t h e  f i n a l  
p h o t o p r o d u c t s  w e re  u s e d  i n  t h e  e v a l u a t i o n  o f  t h e
p h o t o s u b s t i  t u t i  on quantum  y i e l d s .
T h e  m o la r  a b s o r p t i o n  c o e f f i c i e n t s  a t  4 9 0  nm 
o f  a l l  t h e  d i f f e r e n t  p h o t o p r o d u c t s  t h a t  w e re  g e n e r a t e d  
and t h a t  w e re  used  i n  t h e  e v a l u a t i o n  o f  t h e  
p h o t o s u b s t i t u t i o n  quantum  y i e l d s ,  w e re  d e t e r m in e d  f ro m  
t h e  l i t e r a t u r e  i n f o r m a t i o n  and f ro m  e x p e r im e n t a l
d e t e r m i n a t i o n s .  T h e s e  p h o t o p r o d u c t s  w e re
C R u ( b ip y ) 2 3C1= , C R u ( b ip y ) 3 (H2 0 ) 2 ] += (
C R u ( b ip y ) 3 ( d i m ) 3 - 3 , and C R u ( b ip y ) 3 (CH3 C N )^ 1 + *
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5 4 - .  1 2 2 ,  1 2 S S ,  1 3 6
P h o t o l y s i s  o f  t h e  c o m p l e x e s
C R u ( b i p y ) z ( e n ) I * 3 and C R u ( b ip y ) * ( t n ) I -*-3 i n  0 . 0 1  
M TEAC1 s o l u t i o n s  i n  CHsCN, HzO, and CHzClz 
w e r e  e x a m in e d .  A d d i t i o n a l l y ,  t h e  t e m p e r a t u r e  d e p e n d e n c e  
o f  t h e  p h o t o s u b s t i t u t i o n  quantum  y i e l d s  o f  t h e  
c o m p le x e s  C R u ( b ip y ) 3 I - 3 , C R u ( b ip y ) 2 ( e n ) 1 ~ 3 , and  
C R u ( b ip y ) z ( t n ) D ~3 was i n v e s t i g a t e d  o v e r  t h e  
t e m p e r a t u r e  r a n g e  o f  2 7 4  t o  3 0 5  K.
T a b le  XXXXI V  s u m m a r iz e s  t h e  d a t a  r e l a t e d  t o  
t h e  p h o t o s u b s t i t u t i o n  quantum  y i e l d s  and t o  t h e  
p r o d u c t i o n  o f  LF e x c i t e d  s t a t e s  i n  a l l  t h e  m o le c u le s  a t  
2 9 8  K. T a b l e  XXXXV g i v e s  t h e  v a l u e s  o f  t h e  quantum  
y i e l d s  o f  t h e  d e t e c t e d  p h o t o r e a c t i o n s  o f
C R u ( b ip y ) = ( e n ) I * 3 d i s s o l v e d  i n  d i f f e r e n t  m e d ia .  
F i g u r e  4 7  shows t h e  t e m p e r a t u r e  d e p e n d e n c e  o f  t h e  
p h o t o s u b s t i t u t i o n  quantum  y i e l d s  o f  t h e  c o m p le x e s  i n  
0 . 0 1  M TEAC1 s o l u t i o n  i n  C H z C lz .
T he  p h o t o l y s i s  o f  CRu ( b i p y )  z  (e n )  D'*'3 i n  
0 .0 1 M  TEAC1 s o l u t i o n  i n  CH3 CN showed t h a t  i s o s b e s t i c  
p o i n t s  w e re  m a i n t a in e d  t h r o u g h o u t  t h e  i n i t i a l  s t a g e s  o f  
t h e  s lo w  p h o t o s u b s t i t u t i o n  r e c t i o n .  H o w e v e r ,  no  c l e a r  
a p p e a r a n c e  o f  a  f i r s t  p h o t o p r o d u c t  was n o t i c e d ;  
p r o b a b l y  t h e  a b s o r b a n c e  o f  t h e  f i r s t  p h o t o p r o d u c t  was
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m asked b y  t h a t  o f  t h e  s t a r t i n g  C R u ( b ip y ) 3 C e n ) I -*3 . 
N e v e r t h e l e s s ,  t h e  m o n i t o r i n g  d i d  d e t e c t  a  s lo w  i n c r e a s e  
i n  t h e  a b s o r b a n c e  a t  5 5 6  nm t h a t  i s  a t t r i b u t e d  t o  t h e  
f o r m a t i o n  o f  C R u ( b ip y ) = 3 0 1 =  ( F i g u r e  4 8  ) .
The  p h o t o l y s i s  o f  C R u ( b i p y ) z ( e n ) 3 ^ z  i n  
0 . 0 1  M TEAC1 s o l u t i o n  i n  C H z C l2 showed f e a t u r e s  
s i m i l a r  t o  t h o s e  e x h i b i t e d  when CH3 CN was t h e  
s o l v e n t .  A g a in ,  i s o s b e s t i c  p o i n t s  w e re  m a i n t a in e d  
t h r o u g h o u t  t h e  i n i t i a l  s t a g e s  o f  t h e  r e a c t i o n  ( a b o u t  10  
V. o f  d e c r e a s e  i n  i n i t i a l  a b s o r p t i o n  a t  4 9 0  n m ) . 
G e n e r a t i o n  o f  C R u ( b ip y ) Z 3C1Z c o u ld  be  p resu m ed  on 
t h e  b a s i s  o f  t h e  o b s e r v e d  i n c r e a s e  i n  a b s o r p t i o n  a t  5 4 8  
nm. No i n t e r m e d i a t e ,  f i r s t  p h o t o s u b s t i t u t i o n  p r o d u c t  
c o u ld  b e  f o l l o w e d  by a b s o r p t i o n  s p e c t r o s c o p y  ( F i g u r e  
5 0 )  .
Th e  p h o t o l y s i s  o f  C R u ( b ip y ) 2 ( e n ) 3 ~ 2 i n  
0 . 0 1  M TEAC1 s o l u t i o n  i n  H= 0 l e d  , o n c e  m ore , t o  no  
a p p a r e n t  f i r s t  p h o t o p r o d u c t ;  o n l y  a f t e r  p r o l o n g a t e d  
i r r a d i a t i o n  was t h e  f o r m a t i o n  o f  a  s p e c ie s  w i t h  a  
maximum o f  i t s  a b s o r b a n c e  l o c a t e d  a t  4 7 2  nm a p p a r e n t .  
T h i s  f i n a l  p h o t o p r o d u c t  was c o n s id e r e d  t o  be
C R u ( b ip y ) z (Hz 0 ) z 3* = .  t h i s  a s s ig n m e n t  was made
b y  means o f  an a n a l y s i s  o f  t h e  f i n a l  a b s o r p t i o n
s p e c t r u m .
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P h o t o l y s i s  o f  CRu ( b i p y )  z  ( t n )  1 * ^  i n  0 . 0 1  M 
TEAC1 s o l u t i o n  i n  CH3 CN, was fo u n d  t o  be  
c o m p a r a t i v e l y  m ore  e f f i c i e n t  th a n  t h a t  o b s e r v e d  , u n d e r  
s i m i l a r  c o n d i t i o n s ,  i n  t h e  c a s e  o f
C R u ( b ip y ) z (e n )  H'”2 . A g a in ,  i s o s b e s t i c  p o i n t s  w e re  
m a i n t a in e d  t h r o u g h o u t  t h e  r e a c t i o n  a l t h o u g h  no f i r s t  
i n t e r m e d i a t e  c o u ld  b e  d e t e c t e d .  The g e n e r a t i o n  o f  a  
f i n a l  p h o t o p r o d u c t  a b s o r b in g  a t  5 5 0  nm was a p p a r e n t ;  
t h i s  s p e c ie s  was assumed t o  be  C R u ( b ip y ) 2 ]C 1 Z  
( F i g u r e  5 1 ) .
P h o t o l y s i s  o f  C R u ( b ip y ) z ( t n ) D - 2  i n  0 . 0 1  M 
TEAC1 s o l u t i o n  i n  C H z C lz  d i s p l a y e d  s i m i l a r  c h a n g e s .  
R e t e n t i o n  o f  i s o s b e s t i c  p o i n t s  t h r o u g h o u t  t h e  i n i t i a l  
p e r i o d s  o f  p h o t o r e a c t i o n ,  no d e t e c t i o n  o f  a  f i r s t  
p h o t o s u b s t i t u t i o n  i n t e r m e d i a t e  p r o d u c t ,  and a p p a r e n t  
g e n e r a t i o n  o f  C R u ( b ip y ) z 3 C l z , t h e  f i n a l
p h o t o s u b s t i t u t i o n  p r o d u c t  a b s o r b in g  a t  5 4 8  nm ( F i g u r e  
5 3 ) ,  w e re  t h e  c h a r a c t e r i s t i c s .
P h o t o l y s i s  o f  C R u ( b ip y ) 2 ( t n ) 3 * =  i n  0 . 0 1  M 
TEAC1 s o l u t i o n  i n  Hz 0  showed a b e h a v i o r  s i m i l a r  t o
t h a t  o b s e r v e d  i n  t h e  c a s e  o f  C R u ( b ip y ) 2 ( e n ) a * 2  
u n d e r  t h e  same e x p e r im e n t a l  c o n d i t i o n s .  In  t h i s  c a s e ,  a  
s lo w  p h o t o s u b s t i t u t i o n  r e a c t i o n  was d e t e c t e d  and a  f i n a l  
a b s o r p t i o n  s p e c t r u m  w i t h  a  maximum l o c a t e d  a t  4 7 0  nm
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was o b s e r v e d .  T h i s  - f i n a l  p h o t o p r o d u c t  was c o n s id e r e d  t o  
b e  C R u ( b ip y ) 3 (H2 0 ) z ]-^=:- t h i s  a s s ig n m e n t  was
b a s e d  on t h e  o b s e r v e d  a b s o r p t i o n  c h a r a c t e r i s t i c s  
( F i g u r e  5 2 ) .
The  p h o t o s u b s t i t u t i o n  quantum  y i e l d  can  be  
p o s t u l a t e d  t o  be  g i v e n  b y  t h e  f o l l o w i n g  r e l a t i o n s h i p  :
= (Qi_r=) (Q i ) (Q|_i) (Q|_z )
i n  w h ic h  Qi_f , QXj BL i  , and Qi_z a r e
r e s p e c t i v e l y ,  t h e  quantum  y i e l d s ,  (Ql_f ) f o r  LF
f o r m a t i o n  f ro m  t h e  e x c i t e d  s t a t e  3 MLCT, ( B t ) f o r  
p e n t a c o o r d i n a t e d  i n t e r m e d i a t e  f o r m a t i o n  f ro m  LF ,
(Gi_a) f o r  m o n o s u b s t i t u t e d  p r o d u c t  f o r m a t i o n  f r o m  t h e  
i n t e r m e d i a t e ,  t h e  s p e c ie s  w h ic h  c o u ld  be  f o r m u l a t e d  t o  
be  CRu ( b i p y )  Z L ’ XD-*"1 , i n  w h ic h  L ' r e p r e s e n t s  t h e
l i g a n d  o r i g i n a l l y  bonded t o  t h e  s t a r t i n g  co m p lex  en o r  
t n ,  t h a t  h a s  one  c h e l a t i n g  p o s i t i o n  f r e e ,  and  X i s  t h e  
new e n t e r i n g  l i g a n d ,  and (Qi_z ) f o r  t h e  s p e c i f i c  
p r o c e s s  l e a d i n g  t o  t h e  f i n a l  o b s e r v e d  p h o t o s u b s t i t u t i o n  
p r o d u c t .  T h i s  f i n a l  p r o c e s s  p r o c e e d s  by  l o s s  o f  t h e  
p r e v i o u s l y  g a in e d  c h e l a t e  X, o r  by  t o t a l  d e ta c h m e n t  o f  
t h e  i n i t i a l  l i g a n d  L and  s im u l t a n e o u s  g a i n  o f  a second  
c h e l a t e  s p e c ie s  X.
B o th  Qi_f  and Qx a r e  t e m p e r a t u r e
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d e p e n d e n t ,  and u n r a v e l i n g  t h e  tw o  a c t i v a t i o n  e n e r g i e s  
i s  a  d i f f i c u l t  t a s k .  I n  t h e  c a s e s  o f  t h e  c o m p le x e s  
C R u ( b ip y ) z ( e n ) D * 3 and C R u ( b ip y ) 3 ( t n ) 1 * ^  , t h e  
a c t i v a t i o n  e n e r g i e s  r e l a t e d  t o  t h e  quantum  y i e l d  o f  
p o p u l a t i o n  o f  t h e  LF  e x c i t e d  s t a t e ,  Qi_f  w e re  
d e t e r m in e d  t o  b e  r a t h e r  lo w  ; c o n s e q u e n t l y ,  t h e  Qt_p 
o f  b o th  c o m p le x e s  i n  a l l  s o l v e n t s  i n  w h ic h  t h e i r  
p h o t o s u b s t i t u t i o n  p r o c e s s e s  w e re  i n v e s t i g a t e d  w e re  
assumed t o  be u n i t y .  T h u s ,  a n y  o b s e r v e d  t e m p e r a t u r e  
d e p e n d e n c e  o f  t h e  p h o t o s u b s t i t u t i o n  quantum  y i e l d  
s h o u ld  be  r e l a t e d  t o  e i t h e r  Q3 , DL i ,  o r  Qi_s .
S i n c e  no i m p o r t a n t  d e p e n d e n c e  was n o te d  ( F i g u r e  4 7 )  , 
i t  was c o n c lu d e d  t h a t  t h e  LF e x c i t e d  s t a t e  u n d e r g o e s  
p h o t o s u b s t i t u t i o n  p r o c e s s e s  t h a t  h a v e  m o d e r a t e l y  s m a l l  
a c t i v a t i o n  e n e r g i e s .  L i n e a r  p l o t s  w i t h  v e r y  s m a l l  
s l o p e s  w e r e  o b t a i n e d  i n  F i g u r e  4 7  ( I n  ( l /D p r ,  v s .  
1 / T ( K > ) .  T h e r e f o r e ,  b o t h  Qx , QL 1 , and m ust
h a v e  s m a l l  a c t i v a t i o n  e n e r g i e s .
F u r t h e r  i n f o r m a t i o n  on t h e  d y n a m ic s  o f  t h e  
r e s p e c t i v e  LF e x c i t e d  s t a t e s  i n  t h e  c a s e s  o f  t h e  
c o m p le x e s  CRu ( b i p y )  =» (e n )  I - 2  and
C R u ( b i p y ) 3 ( t n ) w e r e  o b t a i n e d  f ro m  t h e  q u e n c h in g  
e x p e r im e n t s  w i t h  F e r r ,  An, and MV^3 . The  
p h o t o s u b s t i t u t i o n  quan tu m  y i e l d s  w e r e  u n a f f e c t e d ,
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a l t h o u g h  q u e n c h in g  o f  t h e  lu m in e s c e n c e  was n o t e d .  B o th  
c o m p le x e s  e x h i b i t e d  i d e n t i c a l  b e h a v i o r s .  T h i s  
s i m i l a r i t y  was c o n s id e r e d  t o  b e  a  s t r o n g  r e a s o n  t o  
s u g g e s t  t h a t  t h e  l i f e t i m e s  o f  t h e  LF e x c i t e d  s t a t e  w e re  
s u f f i c i e n t l y  s h o r t  t o  make a n y  d e t e c t i o n  o f  
d e a c t i v a t i o n  by means o f  a  b i m o l e c u l a r  p r o c e s s e s  
u n r e a s o n a b le .  D e cay  o f  t h e  LF e x c i t e d  s t a t e  b y  t h e  
r o u t e  o f  f o r m a t i o n  o f  a  p e n t a c o o r d i n a t e d  i n t e r m e d i a t e  
and a  r a p i d  r a d i a t i o n l e s s  d e c a y  a r e  a v a i l a b l e  t o  t h e  LF 
e x c i t e d  s t a t e .  A d d i t i o n a l l y , ,  t h e  r i n g  c l o s u r e ,  
r e f o r m i n g  t h e  c h e l a t e  r i n g ,  can  b e  c o m p e t i t i v e  w i t h  an  
e f f e c t i v e  t r a p p i n g  o f  an e x t e r n a l  l i g a n d  , i o n ,  o r  
s o l v e n t  m o le c u le ;  b o th  p r o c e s s e s  d i r e c t l y  a f f e c t  QL 1 .
D u r in g  t h e  p h o to c h e m ic a l  s t u d i e s  c a r r i e d  o u t  
w i t h  t h e s e  c o m p le x e s ,  p h o t o s u b s t i t u t i o n  quantum  y i e l d s  
o f  t h e  f i n a l  p r o d u c t s  o f  t h e  p h o t o r e a c t i o n  w e re  
d e t e r m in e d .  I t  was i m p o s s i b l e  t o  d e t e c t  t h e  
i n t e r m e d i a t e s .  F i g u r e s  4 8  -  5 3  show t h e  c o u r s e  o f
p h o t o l y s e s ;  a l l  a r e  v e r y  s l u g g i s h ,  i n  c o m p a r is o n  w i t h  
t h o s e  c o m p le x e s  i n  w h ic h  L l i g a n d s  w e re  p y r i d i n e  g ro u p s  
l i n k e d  by  m e t h y le n e  b r i d g e s .  The com plex
C R u ( b ip y ) z ( t n ) I * 3  a lw a y s  showed a  p h o t o s u b s t i t u t i o n  
quantum  y i e l d  l a r g e r  t h a n  t h a t  o f
C R u ( b i p y ) z ( e n ) T h e  r e s u l t s  c o l l e c t e d  i n  T a b le
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XXXX IV  a l s o  show t h e  lo w  v a l u e s  o b s e r v e d  - fo r  t h e
p h o t o s u b s t i t u t i o n  r e a c t i o n s .
2 . 2 . 1 . C o n c l u s i o n s .
The co m p lex  w h ic h  had  a  - f i v e  -  membered r i n g ,  
d i r e c t l y  r e l a t e d  t o  t h e  p h o t o s u b s t i t u t i o n a l  c h e m i s t r y ,  
C R u ( b ip y ) ^ ( e n ) H " - 3 , e x h i b i t e d  a  v e r y  d i f f e r e n t
b e h a v i o r  f r o m  t h a t  o f  t h e  p r e v i o u s l y  d is c u s s e d  s e r i e s  
o f  c o m p le x e s ,  C R u ( b i p y ) s ] * 2 . H o w e v e r ,  no d i r e c t  
c o m p a r is o n  can  be  m ade, b e c a u s e  one o f  t h e  s e r i e s  
i n v o l v e d  a  c h e l a t i n g  N t h a t  was p a r t  o f  an a r o m a t ic
r i n g  , w h i l e  t h e  o t h e r  had a c h e l a t i n g  N t h a t  was
m e r e ly  bonded t o  a  m e t h y le n e  c h a i n .  T h e r e f o r e ,  a  v e r y  
i m p o r t a n t  e f f e c t  seemed t o  b e  o p e r a t i v e ,  and  t h e
r e a c t i v i t y  t o w a r d s  t h e  p h o t o s u b s t i t u t i o n  f o r  b o th  
s e r i e s  was d i f f e r e n t .
I t  c a n  be s e e n  t h a t  t h e  p h o t o s u b s t i t u t i o n  
quantum  y i e l d s  c a n n o t  be  e a s i l y  c o r r e l a t e d  w i t h  t h e  
p o l a r i t y  o f  t h e  s o l v e n t  s i n c e  t h e  o b s e r v e d  
p h o t o s u b s t i t u t i o n  quantum  y i e l d s  i n  t h e  c a s e  o f  t h e  
c o m p le x e s  was h i g h e r  i n  CH3 CN t h a n  i n  CH2 C1Z and  
i n  H= 0 .  A ls o  t h e  d a t a  r e p o r t e d  i n  T a b l e  XXXXV, a b o u t  
t h e  p h o t o l y s i s  o f  C R u ( b ip y ) 3 ( e n ) ] - =  d i s s o l v e d  i n  
CH3 CN i n  t h e  p r e s e n c e  o f  A g -  show an i n c r e a s e  i n  
t h e  p h o t o s u b s t i t u t i o n  quantum  y i e l d ;  t h e r e f o r e ,  Ag^
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r e a l l y  seems t o  h a v e  a  c a t a l y t i c  e f f e c t  on t h e  
p h o t o c h e m is t r y .
P e rh a p s  t h e  te n d e n c y  o f  t h e  r i n g  i n  t h e s e  
c o m p le x e s  t o  r e  -  c h e l a t e  i s  much m ore s i g n i f i c a n t  th a n  
o f  t h e  p r e v i o u s l y  s t u d i e d  s e r i e s  o f  c o m p le x e s .  T e n d e n c y  
t o w a r d s  r e  -  c h e l a t i o n  w o u ld  j u s t i f y  t h e  s i g n i f i c a n t l y  
d i f f e r e n t  p h o t o s u b s t i t u t i o n a l  b e h a v i o r  o f  b o th  s e r i e s  
o f  c o m p le x e s .  A c o m p a r is o n  o f  t h e  o b s e r v e d  
p h o t o s u b s t i t u t i o n  quantum  y i e l d s  o f
CRu ( b i p y )  = » (e n )3 - =  and C R u ( b ip y ) 2 ( t n ) 3 * =  , seems  
t o  d e m o n s t r a t e  a  m ore e f f i c i e n t  p o p u l a t i o n  o f  t h e  LF  
e x c i t e d  s t a t e  o f  C R u ( b ip y ) 3 ( t n ) 3 - s  a n d ,
C o n s e q u e n t ly ,  a  r e l a t i v e l y  m ore e f f i c i e n t  f i n a l  
p h o t o s u b s t i t u t i o n  quantum  y i e l d .
The  co m p lex  t h a t  i n v o l v e d  a  s i x  -  membered  
r i n g  i n  i t s  p h o t o c h e m is t r y ,  CRu ( b i p y )  2  ( t n )  l -*-3 , 
showed a  b e h a v i o r  c o m p l e t e l y  d i f f e r e n t  f ro m  t h a t  o f  
C R u (b ip y )z D P M l^ 3 .
O n ly  i n  H= 0 ,  a l l  t h r e e  c o m p le x e s  e x h i b i t  a 
b a r e l y  d e t e c t a b l e  p h o t o s u b s t i t u t i o n ; t h i s  o b s e r v a t i o n  
p r o b a b ly  d e m o n s t r a t e s  t h e  l a c k  o f  a d e q u a t e  io n  -  
p a i r i n g  e q u i l i b r i a  i n  aq u e o u s  s y s te m s .  N e v e r t h e l e s s ,  i t
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seem s t h a t  o t h e r  p r o c e s s e s  a r e  o p e r a t i v e  i n  
p h o to c h e m ic a l  b e h a v i o r  o-f CRu ( b i p y )  z  (e n )  J * *  and  
CRu ( b i p y )  2  ( t n )  ]•*-=.
t h e
CHAPTER V . GENERAL CONCLUSIONS AND 
SUGGESTIONS FOR FUTURE RESEARCH.
I t  had  been  r e p o r t e d  t h a t  t h e  q u e n c h in g  o f  t h e  
e m is s io n  i n t e n s i t y  and t h a t  o f  t h e  p h o t o s u b s t i t u t i o n  
r e a c t i o n  w e re  v e r y  d i f f e r e n t  i n  t h e  co m p lex  t r i s  -  
2 , 2 ’ b i p y r i d y l r u t h e n i u r n ( I I ) ■****. The  r e i n v e s t i g a t i o n  o f  
t h e  p h o t o p h y s i c a l  and p h o to c h e m ic a l  b e h a v i o r  o f  t r i s  -  
2 , 2 ’ b i p y r i d y l r u t h e n i u m ( I I >  u n d e r  d i f f e r e n t  c o n d i t i o n s ,  
by  means o f  t h e  q u e n c h in g  o f  b o th  t h e  lu m in e s c e n t  
l i f e t i m e  and t h e  p h o t o s u b s t i t u t i o n  r e a c t i o n  w i t h  
f e r r o c e n e  and o xy g en  a l lo w e d  t o  d e t e r m in e  t h a t  t h e  
q u e n c h in g  o f  t h e  lu m in e s c e n c e  and t h e  q u e n c h in g  o f  t h e  
p h o t o c h e m is t r y  a r e  v e r y  s i m i l a r .  T h e r e f o r e  t h e  r e s u l t s  
h e r e  o b t a i n e d  s u p p o r t  t h e  i d e a  t h a t  t h e  e x c i t e d  s t a t e  
a f f e c t e d  by  a q u e n c h e r  i s  i n v o l v e d  i n  t h e  tw o  
p r o c e s s e s  t h a t  w e re  s t u d i e d .  T h e  r e s u l t s  o b t a i n e d  i n  
t h i s  w ork  a r e  i n  a g re e m e n t  w i t h  t h e  p o s t u l a t e d  g e n e r a l  
model t h a t  r e p r e s e n t s  t h e  p h o t o p h y s ic s  o f  t r i s  -  
2 , 2 ’ b i p y r i d y l r u t h e n i u m ( I I )  and r e l a t e d
p o l y p y r i d i n e r u t h e n i u m ( I I ) c o m p le x e s .
I t  had  b ee n  r e p o r t e d 3 *5' - t h a t  t h e  
a c t i v a t i o n  e n e r g i e s  b e tw e e n  t h e  3 MLCT and t h e  LF
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e x c i t e d  s t a t e s  w e re  v e r y  s i m i l a r  i n  t h e  c a s e s  o f  t h e  
c o m p le x e s  c i s  -  b i s p y r i d y l
b i s 2 , 2 ' b i p y r i d y l  r u t h e n i u m ( I I )  and 4 , 5  d i a z a f l u o r e n y l  
b i  s 2 , 2 ’ b i  p y r  i  d y l  r u t h e n i  um ( I I )  t o  t h e  A e  v a l u e
e v a l u a t e d  i n  t h e  c a s e  o f  CRu ( b i p y  ) 3!3'4'=:, a l t h o u g h  
t h e y  h a v e  a l e s s e r  a v e r a g e  l i g a n d  f i e l d  s t r e n g t h  i n  
c o m p a r is o n  t o  t h e  t r i s  -  2 , 2 ’ b i p y r i d y l r u t h e n i u m ( I I )  
c o m p le x . The r e i n v e s t i g a t i o n  o f  t h e  t e m p e r a t u r e  
d e p e n d e n c e  o f  t h e  e m is s io n  i n t e n s i t i e s  and  l i f e t i m e s  o f  
t h o s e  c o m p le x e s  a l lo w e d  us t o  e v a l u a t e  t h e  e n e r g y  
d i f f e r e n c e  b e tw e e n  t h e  3 MLCT and LF e x c i t e d  s t a t e s  .
I n  good a g re e m e n t  w i t h  t h e  g e n e r a l l y  o b s e r v e d  t r e n d s  o f  
t h e  p h o t o p h y s ic s  o f  p o l y p y r i d i n e  r u t h e n i  u m ( I I )  
c o m p le x e s ,  t h e  r e s u l t s  o b t a i n e d  i n  t h i s  w o rk  p e r m i t  t o  
c o n c lu d e  t h a t  t h e  l i g a n d  f i e l d  e x c i t e d  s t a t e  e n e r g i e s  
a r e  w e l l  c o r r e l a t e d  w i t h  t h e  l i g a n d  f i e l d  s t r e n g t h ;  
l e s s e r  a v e r a g e  l i g a n d  f i e l d  s t r e n g t h s  make m ore  
a c c e s s i b l e  t h e r m a l  p o p u l a t i o n  o f  LF e x c i t e d  s t a t e s  f ro m  
3 MLCT s t a t e s .
The d e t e r m i n a t i o n  o f  t h e  p h o t o c h e m is t r y  o f  t h e  
c o m p le x  c i s  -  b i s p y r i d y l b i s  -
2 , 2 , b i p y r i d y l r u t h e n i u m ( I I )  i n  m i x t u r e s  d io x a n e  -  w a t e r  
p r o v i d e d  i n f o r m a t i o n  t h a t  s u b s t a n t i a t e s  t h e  g e n e r a l l y  
o b s e r v e d  e f f e c t s  t h a t  s o l v e n t s  h a v e  i n  p h o to c h e m ic a l
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r e a c t i o n s .  The p h o t o s u b s t i t u t i o n  quantum  y i e l d s  w e re  
l a r g e r  and  w e l l  c o r r e l a t e d  w i t h  t h e  d e c r e a s i n g  p o l a r i t y  
o f  t h e  m i x t u r e s  i n  w h ic h  e x i s t  a  b e t t e r  s u p p o r t  f o r  t h e  
i o n  -  p a i r  f o r m a t i o n .
I n v e s t i g a t i o n  o f  t h e  e f f e c t  t h a t  t h e  c h e l a t e
r i n g  s i z e  h a s  on t h e  p h o t o c h e m is t r y  o f  s e v e r a l
p o l y p y r i d i n e  r u t h e n i u m ( I I )  c o m p le x e s  w i t h  t h e  g e n e r a l  
f o r m u l a t i o n  C R u ( b i p y ) z L l - 2 was a c c c o m p l is h e d  i n  
t h i s  w o rk  by  t h e  u s e  o f  tw o  s e r i e s  o f  l i g a n d s  L .
The  p h o t o c h e m is t r y  o f  t h e  s e r i e s  i n  w h ic h  L 
h a s  tw o  p y r i d i n e  r i n g s  l i n k e d  by  m e t h y le n e  b r i d g e s  o f  
v a r y i n g  l e n g t h s  seem t o  i n d i c a t e  t h a t  i n  t h e  e x t e n t  
t h a t  t h e  c h e l a t e  r i n g  i n c r e a s e s ,  t h e  p r o c e s s  o f  r i n g  
r e c l o s u r e  -  r e c o o r d i n a t i o n  o f  t h e  p o s t u l a t e d  
p e n t a c o o r d i n a t e d  i n t e r m e d i a t e  -  t h a t  r e g e n e r a t e s  t h e  
s t a r t i n g  c o m p le x ,  becom es l e s s  e f f i c i e n t .  The
p h o t o s u b s t i t u t i o n  quantum  y i e l d s  w e re  fo u n d  t o  be  
l a r g e r  i n  s o l v e n t s  o f  d e c r e a s e d  p o l a r i t y ;  a l l  t h e  
c o m p le x e s  o f  t h i s  s e r i e s  a r e  m ore p h o t o a c t i v e  th a n
C R u ( b i p y ) s i - 2 .
The p h o t o c h e m is t r y  o f  t h e  s e r i e s  i n  w h ic h  L 
h a s  tw o  a m in e  g ro u p s  l i n k e d  b y  m e t h y le n e  b r i d g e s  was  
fo u n d  t o  b e  c o m p l e t e l y  d i f f e r e n t ;  t h i s  d i f f e r e n t
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b e h a v i o r  i s  c o n s id e r e d  t o  b e  e x p l a i n e d  b y  c o n s i d e r i n g  
t h a t  d i f f e r e n t  k i n d s  o f  c h e l a t i n g  N -  Ru m e ta l  c e n t e r  
b o n d s  a r e  i n v o l v e d  i n  t h i s  c a s e  i n  w h ic h  t h e  N a to m s  
a r e  bonded  t o  an a l i p h a t i c  c h a in  i n s t e a d  o f  b e in g  p a r t  
o f  an a r o m a t i c  r i n g .  S l u g g i s h  p h o t o s u b s t i t u t i o n  
r e a c t i o n s  i n  c o m p a r is o n  w i t h  t h e  p r e v i o u s  s e r i e s  w e re  
o b s e r v e d .  C o m p le x e s  w i t h  a  l a r g e r  c h e l a t e  r i n g s  s t i l l  
h a v e  l a r g e r  quantum  y i e l d s  o f  p h o t o s u b s t i t u t i o n  , f a c t  
i n d i c a t i v e  o f  a  l e s s  e f f i c i e n t  p r o c e s s  o f  r i n g  
r e c l o s u r e ;  n e v e r t h e l e s s ,  no  c l e a r  c o r r e l a t i o n  can  be  
fo u n d  w i t h  t h e  e f f e c t  t h a t  t h e  s o l v e n t  h a s  i n  t h e  
p h o to c h e m ic a l  b e h a v i o r .
New r e a c t i o n s  p r o b a b l y  i n v o l v i n g  t h e  
o x i d a t i o n  o f  t h e  l i g a n d s  e t h y l e n e d i a m i n e  and 1 , 3  -
p r o p y le n e d ia m in e  w e re  d e t e c t e d  t o  o c c u r .  T e m p e r a tu r e  
d e p e n d e n c e  s t u d i e s  o f  t h e  p h o t o s u b s t i t u t i o n  r e a c t i o n s  
i n d i c a t e d  lo w  a p p a r e n t  a c t i v a t i o n  e n e r g i e s  f o r  t h e  
c o m p le x e s  o f  t h i s  s e r i e s .
S i l v e r  c a t i o n  h a s  a  c a t a l y t i c  e f f e c t  upon t h e  
p h o t o s u b s t i t u t i o n  o f  t h e  co m p lex  e t h y l e n e d i a m i n e  b i s  
2 , 2 ’ b i p y r i d y l  r u t h e n i u m ( I I ) .
T h e  t e m p e r a t u r e  d e p e n d e n c e  o f  t h e  l i f e t i m e s  o f  
b o th  s e r i e s  o f  c o m p le x e s  s h o u ld  be  e v a l u a t e d  i n  o r d e r
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t o  a c h i e v e  a  m ore c o m p le t e  d e s c r i p t i o n  o f  t h e  d y n a m ic s  
o f  t h e  3 MLCT and LF e x c i t e d  s t a t e s .  T h e s e  
o b s e r v a t i o n s  s h o u ld  be  c o r r e l a t e d  w i t h  t h e  c h e l a t e  r i n g  
s i z e  , a r o m a t i c i t y  o f  t h e  N d o n o r  l i g a n d ,  and  t h e  
c h e l a t i o n  a n g le ;  t h e  c h e l a t i o n  a n g l e  s h o u ld  be  
e v a l u a t e d  by c r y s t a l l o g r a p h i c  s t u d i e s .
Then t h e  p h o t o s u b s t i t u t i o n  quantum  y i e l d s  o f  
t h e s e  c o m p le x e s  i n  d i f f e r e n t  s o l v e n t s  s h o u ld  be  
e v a l u a t e d  a t  d i f f e r e n t  C l ~  c o n c e n t r a t i o n s .  T h i s  w o u ld  
a l l o w  us t o  c o r r e l a t e  t h e  p h o t o c h e m is t r y  w i t h  t h e  
C C 1 - ]  by  means o f  t h e  E q . ( 1 ) .  I f  a  l i n e a r  p l o t  o f  
Q ( P ) - 1  v s .  C C l- 3 - 1  w e re  o b t a i n e d ,  t h e  i n t e r c e p t  
w o u ld  g i v e  t h e  e f f i c i e n c y  o f  t h e  g e n e r a t i o n  o f  t h e  
p o s t u l a t e d  p e t a c o o r d i n a t e d  i n t e r m e d i a t e  f ro m  t h e  LF  
e x c i t e d  s t a t e .  A d d i t i o n a l l y ,  t h e  r e l a t i v e  im p o r ta n c e  
t h a t  t h e  p r o c e s s  o f  r i n g  r e c l o s u r e  h a s  i n  a l l  t h e  
d i f f e r e n t  c o m p le x e s  c o u ld  be e s t i m a t e d  f ro m  t h e  
s l o p e / i n t e r c e p t  r a t i o  o f  t h e  e x p e c t e d  l i n e a r  p l o t .  The  
e v a l u a t i o n  o f  t h i s  p a r a m e t e r  w o u ld  b e  a  s u b s t a n t i a l  
e x p e r im e n t a l  e v id e n c e  c o n t r i b u t i n g  t o  a f u r t h e r  
u n d e r s t a n d i n g  o f  t h e  p h o t o c h e m is t r y  o f
p o l y p y r i d i n e r u t h e n i u m ( I I )  c o m p le x e s .
P h o t o l y s i s  o f  CRu ( b ip y )  =» (e n )  D- 35 d i s s o l v e d  
i n  CH3CN i n  t h e  p r e s e n c e  o f  A g *  l e d  t o  t h e
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g e n e r a t i o n  o f  CRu ( b i p y )  a  (CHtsCN) T h i s
o b s e r v a t i o n  was r a t i o n a l i z e d  by  t h e  a s s u m p t io n  t h a t  t h e  
p o s t u l a t e d  p e n t a c o o r d i  n a t e  i n t e r m e d i a t e  i s  c o m p le x e d  by  
A g * ;  t h i s  p r o c e s s  w o u ld  r e d u c e  t h e  e f f i c i e n c y  o f  r i n g  
r e c l o s u r e  and s u b s e q u e n t l y  e n h a n c e  t h e  f o r m a t i o n  o f  
p h o t o s u b s t i t u t i o n  p r o d u c t .  I t  w o u ld  b e  d e s i r a b l e  t o  
e x t e n d  t h i s  i n v e s t i g a t i o n  t o  a l l  t h e  c o m p le x e s  
CRu ( b i p y )  z L ]"*'3 t h a t  w e re  i n c l u d e d  i n  t h e  tw o  s e r i e s  
t h a t  w e re  s t u d i e d  i n  t h i s  w o rk  (L  = p y  -  (CH3 ) „  -
py  and L = HZ N -  (CHz ) n -  NHZ ) .
Th e  t e m p e r a t u r e  d e p e n d e n c e  o f  t h e
p h o t o s u b s t i t u t i o n  quantum  y i e l d s  o f  t h e  c o m p le x e s  i n  
w h ic h  L ’ s  a r e  py  -  (CHz ) n -  py  s h o u ld  b e  e v a l u a t e d  
and c o n t r a s t e d  w i t h  t h e  t e m p e r a t u r e  d e p e n d e n c e  o f  t h e  
p h o t o c h e m is t r y  o f  t h e  c o m p le x e s  C R u ( b ip y ) z ( e n ) 1 * ^  
and C R u ( b i p y ) z ( t n )
The  n e x t  i n t e r m e d i a t e  a f t e r  t h e  LF s t a t e  h a s  
been  h y p o t h e s i z e d  t o  be  a  p e n t a c o o r d i n a t e d  
i n t e r m e d i a t e .  R e s u l t s  o b t a i n e d  i n  t h e  c a s e  o f  some 
c a r b o n y l  c o m p le x e s 13-7 i n d i c a t e  t h a t  t h e  r a t e  c o n s t a n t  
o f  t h e  t r a p p i n g  o f  e i t h e r  a  s o l v e n t  m o le c u le  o r  an  
e x t e r n a l  l i g a n d  by  t h i s  i n t e r m e d i a t e  w i l l  b e  d i f f u s i o n  
c o n t r o l l e d .
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I t  i s  s u g g e s te d  t o  e x a m in e  t h e  b e h a v i o r  o f  
t h i s  p e n t a c o o r d i n a t e  i n t e r m e d i a t e  w i t h  f l a s h  p h o t o l y s i s  
e x p e r im e n t s .  P r e v io u s  s t u d i e s  o f  t h i s  n a t u r e  w i t h  t h e  
com plex  C R u ( b i p y ) h a v e  r e s u l t e d  i n  t h e  
d e t e r m i n a t i o n  o f  t h e  a b s o r p t i o n  s p e c t r u m  o f  t h e  3 MLCT 
e x c i t e d  s t a t e 13®. N e v e r t h e l e s s ,  t h e  p e n t a c o o r d i n a t e  
i n t e r m e d i a t e  o r i g i n a t e d  f r o m  t h i s  co m p lex  c o u ld  n o t  be  
fo rm e d  i n  s i g n i f i c a n t  y i e l d s  d u e  t o  t h e  l a r g e  t h e r m a l  
a c t i v a t i o n  e n e r g y  r e q u i r e d  f o r  i n i t i a l  p o p u l a t i o n  o f  
t h e  LF e x c i t e d  s t a t e  and  t h e  s u b s e q u e n t  p r o d u c t i o n  o f  
t h e  p e n t a c o o r d i n a t e d  i n t e r m e d i a t e .  The  l i f e t i m e  o f  t h e  
LF e x c i t e d  s t a t e  o f  t h e  com plex  C R u ( b ip y ) 3 ( d i a z ) 
a t  2 9 8  K h a s  been  e s t i m a t e d  t o  b e  < 100  psec*3"*. F l a s h  
p h o t o l y s i s  e x p e r im e n t s  s h o u ld  be  c a r r i e d  o u t  w i t h  
CRu ( b i p y )  2  ( d i a z ) 3 * * ,  CRu ( b i p y )  and
CRu ( b i p y )  =. (e n )  I -*-3 , a s  a  f i r s t  s t e p  b e f o r e  e x t e n d in g  
s i m i l a r  s t u d i e s  t o  t h e  r e s t  o f  t h e  c o m p le x e s  o f  t h e  tw o  
s e r i e s  t h a t  w e re  s t u d i e d  i n  t h i s  w o r k .  The s o l v e n t  
s h o u ld  be CH= C1Z and t h e  c o u n t e r i o n  P F^-  i n  
o r d e r  t o  e n h a n c e  c o n d i t i o n s  f o r  t h e  l i f e t i m e  o f  t h e  
p e n t a c o o r d i  n a t e  i n t e r m e d i a t e  and a l l o w  i t s  o b s e r v a t i o n .  
N e x t ,  C l ”  s h o u ld  b e  g r a d u a l l y  add ed  and t h e  r a t e  o f  
d is a p p e a r e n c e  o f  t h e  i n t e r m e d i a t e  e v a l u a t e d .  T h e  same 
p r o c e d u r e  s h o u ld  be  f o l l o w e d  a t  s e v e r a l  t e m p e r a t u r e s  i n  
o r d e r  t o  e v a l u a t e  A r r h e n i u s  e q u a t i o n s  f o r  t h e  r i n g
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r e c l o s u r e  and  C l t r a p p i n g  p r o c e s s e s .
APPENDIX A . I .  REMOVAL OF INNER F IL T E R  EFFECT 
PRODUCED BY QUENCHER ABSORPTION FROM APPARENT QUENCHING 
E M ISS IO N  MEASUREMENTS.
The  e q u a t i o n  b e lo w  e x p r e s s e d  was u s e d  i n
o r d e r  t o  c o r r e c t  t h e  e x p e r i m e n t a l  d a t a  r e p o r t e d  i n  
T a b le  XXXX.  I n  F i g u r e  3 9  t h e r e  i s  an a n o m a lo u s
c u r v a t u r e  i n  t h e  S t e r n  -  V o lm e r  p l o t .  T h e r e f o r e ,  t h e  
e m is s io n  i n t e n s i t i e s  w e r e  c o r r e c t e d  f o r  a b s o r p t i o n  o f  
t h e  i n c i d e n t  l i g h t  by  f e r r o c e n e ,  by  means o f  t h e  
f o l l o w i n g  e q u a t i o n 1 0 * .
( I a / I ) c o r r  = ( I  o / I  ) .pp  £ Cl  — 1 0 — * **,» + J ]  /
c 1 - l O ' ^ D  1 > £ Ad / [  Ad + Ao ]  }
i n  w h ic h  ( I a / 1 > i s  t h e  o b s e r v e d  r a t i o  
o f  e m is s io n  i n t e n s i t y  f ro m  an u n q u en ch e d  s a m p le  t o  
t h a t  f r o m  a q u enched  o n e  , and A0 and Aa  a r e  t h e  
a b s o r b a n c e s  p e r  c e n t i m e t e r  a t  t h e  e x c i t i n g  w a v e le n g t h  
( 4 9 0  nm) o f  t h e  co m p le x  C R u ( b ip y ) z (e n )  I -"32, (d o n o r ,
D ) , and f e r r o c e n e ,  ( q u e n c h e r ,  Q ) , u s e d  i n  t h a t  
p a r t i c u l a r  s e t  o f  e x p e r i m e n t s .  T h e  c o r r e c t i o n  was 2 5  V. 
f o r  t h e  h i g h e s t  c o n c e n t r a t i o n  o f  f e r r o c e n e  t h a t  was  
u s e d .  T h e  a b s o r p t i o n  by  f e r r o c e n e  a t  t h e  c o n c e n t r a t i o n s  
u se d  a t  t h e  w a v e le n g t h s  o f  t h e  e m is s io n  was n e g l i g i b l e .
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APPENDIX A . 2 .  DEPENDENCY OF THE QUANTUM Y IE L D  
OF PHOTOSUBSTITUTION UPON CC1-U CONCENTRATION .
T h e  p h o t o s u b s t i t u t i o n  r e a c t i o n  s e q u e n c e  i s  
assumed t o  be  t h a t  shown b e lo w .  I n  t h i s  schem e, I  i s  t h e  
p e n t a c o o r d i n a t e d  i n t e r m e d i a t e  -formed b y  l o s s  o f  a  s i n g l e  
l i g a n d .
CRu ( b i p y ) 2L ] +Z + hv  ---------- *  CRu ( b i p y )  ( l MLCT) I „ to„
CRu ( b i p y )  < *MLCT>—>CRu ( b i p y )  z L 3 - = ( * M L C T )  qe  = 1 . 0
C R u ( b ip y ) = L ] ~ Z ( 3M LCT)------K R u ( b i p y ) 2 L +  h v '  k^
CRu ( b i p y )  2L ] * 2 ( 3M LCT)------» C R u ( b i p y ) ^ L l - ^  + k n r-
C R u ( b i p y ) ( * M L C T )  K R u ( b i p y ) ( L F )  kLF
CRu ( b i p y )  2LD- 2 (L F )  ------------------ K R u  ( b i p y )  2L ] +Z kD
CRu ( b i p y )  z L l * 3 (L F )  -------------------»■ I  k*
I   > CRu ( b i p y ) 3 L l * z  kr-e
I  + C l -   *> P k p
F u r t h e r m o r e ,  o n c e  t h e  u n i d e n t a t e ,  s i x  -
c o o r d i n a t e  s p e c ie s  (P )  i s  f o r m e d ,  t h e r e  i s  no  
r e g e n e r a t i o n  o f  t h e  s t a r t i n g  m a t e r i a l .  T h i s  h a s  been  
d is c u s s e d  i n  t h e  c a s e s  o f  t h e  c o m p le x e s  
C R u ( b ip y ) EL ] * 2 and C R u ( b i p y ) z ( p y ) i n
r e f e r e n c e 4 9 .
3 0 2
3 0 3
d(P> /  dt = cncc i-u
Assum ing a  s t e a d y  s t a t e  f o r  b o t h  e x c i t e d  
s t a t e s  o f  t h e  co m p lex  C R u ( b i p y ) ( 3 MLCT) and  
C R u ( b i p y ) e L I - 2 (L F )  l e a d s  t o  t h e  f o l l o w i n g  f o r m a t i o n  
r a t e  e x p r e s s i o n  :
d ( P ) / d t  =  Q ( L F ) . Q ( I ) . C  kR C C l-3  / ( k „ +  k„C C l ) > .  i . b_
w h e re  Q (L F )  = k ^ / i k r -  +  k nr- + kL^ )  and  
Q ( I ) =  k * / ( k D + k * )
T h u s ,  t h e  quantu m  y i e l d  o f  p r o d u c t  f o r m a t i o n
i s  :
Q (P )  =  Q (L F )  . Q ( I ) . C k p C C l -3  / ( k . - c + k ^ C C l" ] )  >
A s i m p le  r e a r r a n g e m e n t  y i e l d s  t o  t h e
e x p r e s s i o n  :
1 /Q ( P )  = 1 /Q  (L F )  . Q ( I ) +  C k r-c /Q (L F )  . Q ( I )  . k p , J { l / C C l - 3>
a n d ,  s i n c e  Q (L F )  -  ki_p . T v
1 /  Q (P )  = 1 /  C T . . Q ( I ) . k L F D +
Cl /C  T . . Q ( I ) . kt_F 3> C k .-^ /k p J  Cl /  CC1“ ]>
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